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AoouirotAToa system of refrigoTatlon, 1 % 
Air cooling procesaes, 4 

_hMdenlng steeb, 340 

Alnmina waterproofing processes, 603 
Alnmininm broRae, soWering, 184 
solder for, 183 
Almond soaps, 169 
Amber oil Tamtsh, 421 
Ammonia reMgentlon, 6 
Angle-itPOB, preventing corrosion of, 34 
AnguB-Smltb's iron coating process, 33 
AnUtne dyes for staining. 20t 
Tamlshes, 423 

Animals, cleaning stuffed, 284 
Annealing, 336 
—»cast iron, 336 
>— steel, 336 
Antlmonial soap, 16T 
Anti-conx«ive processes, Angus Smllh, 33 
BourooD, 40 
Bower>Barff, 38 
_ _ caustic soda, 43 
__ Kngelhardt, 34 

__ £npborbium, 33 

for girders, 34 

-for stoves, 37 

— galvaDlefng, 31 

-Gesner, 40 

__ lime coatii^, 35 
Machabee, 34 
_ mineral waxes, 43 
»» miscellaneous receipts, 44 
Neujean and Delalte, 32 
__ ^nts, 36 
—> Percy, 33 * 

-- pitch, 43 

~ red oxide of iron, 44 
— — Eeynold, 46 

•»- Sherardlsing, 31 
tilv^, 46 

--Sterling, 35 

—— Tentnra Serra, 33 

--W«rd, 38 

lino, 46 

Anvfl, maUng a small, 388 
Aroi^o vB^r, 442, 443 
Arsenic, use In hardening steel, S4l 
Aismlcal soap, 286 
Artificial muhle, 268 
—stone, 265 

. ftom slag, 113 
grlndstoD^ 369 
hardening, 369 


Artificial stone, moulded, 266 
scagliola, 268 
—— silica*llme, 257 
— tortoiseshell, 396 
Aspiialte varnish, 424 
Awnings, waterproofing, 606 


B 


Back saws, 69 
Balloons, varnish for, 426 
Band saws, 61 

-jofotlng, 62 

..... _ speeds, 63 
Bar soap, 166 

Bells, connecting telephones to, 324 
Bending stereotype plat* s. 243 
Bienvanx’s textile waterproofing process, 
602 

Binding knot, 404 

Bird skins, curing, 286 

Birds, stuffing, 286 

Black leather varnish. 427 

Bleaching bone fet, 118 

Block and tadcle, 26 

Blowpipe, the piumber'A 196 

Boats, waterproof paper for, 600 

Bone fot, bleaching, 17S 

Bookbinder’s stereotypes, 245 

Bools, waterproofing, 499 

Boradc soap, 167 

Boring tools, tempering, 346 

Bottle wax, 74 

Bouquet soap, 170 

Bourdon’s antl>eorrodve process. 40 

Bower-Bsrff, inti>c«rrostve prooeai, 38 

Bowline, 399 

Brass, cleansing for sHverlng. 101 
silvering, 100 
tinning, 365 

— turnings, recovery of waste, 456 > 
—~ wire, tinning, 367 
Brazing, 19B 
.— flux 186 

Briar*TOOt pipss, 876 
Moks, cement and ash, 268 
silica>lime, 257 

-Blag, US 

stamlngr 213 
whitewashing, 513 
^kwork. lime ^nt for. 516 
watorproofiog,J107 
Bifne air cooler, lo 
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Britannia metal, aolderlng, 19$ 

Brunswick black, 425 
Brushes, <ll$teiD|>er, 520 

-Ur, 520 

varninb, 41$ 

— washing down, 520 
•— whitewash, 520 
Buck saws, 59 
Building blocks. 265 

— —• hollow, 256 

— sUica*lime, 259 
Buildings, waterproofing, 509 
Bullard’fltextUewaterproofing process, 502 
Buttons, silvering, 98 

Bjng transmitter, 306 


c 

CABtKBT Tarnish, 420 
Calico, waterproofing, 503, 504 
OalTert’s caustic soda anti*corro8lve process, 43 
Camphor savohette, 169 

— soap, 167 
Can ice, 8 

Canvas, tanning. 503 
waterproofing, 495 
Capes, waterproof paint for, 504 
Carbolic soap, 167 
Carbonate ot soda, 161 
Cardboard, varnishing, 418 
Carpet cleansing soaps, 165 
Carriage varnishes, 420 
Garrick bend, 401 
Casehardened articles, tinning, 369 
Casehardening, 327-333 

-iron, 329 

Casting beds, slag, 114 

Castings, cleaning with sand blast, 49 

-patnUng, 33 

pickling, 33 
—»Blag, 105 
Cast iron, annealing, 336 
•>— — casehardening, 327 

pipes, Angu^mltb's coating 
process, 33 
...* corrceion of, 29 
—- -defects in, 29 

— -— protecting, 34 

protemng, 26 

— -welding, 142 

— steel, welding, 140 
Catapaw, 401 
Canstic aoda, 161 

— -antl*corroslTe process, 4? 

Cdllno, distempering, 513 

lunewosh tor, 618 
whitewashing, 510 
Cell Ice, 8 

Cemeitf mixing with 8oda,«182 
sl^ 109 

Oamool^stem, 79 
gvfen.jn«nrring iron in, ^ 

-Cnanoal tobacco pipes, 380 * 

Cfiiinese matting, 266 
mateiw^ 267 
On^pendale aUlb, 221 
Qbmiaon soaps, 170 


('Irculurea^'s, 60 

—5 -speed, 61 

-straightening, 6i • ’ 

-aundials, 281 

CIarke'#water softening process, 479 
Clay tobacco pipes, 373 

-—-moulds, 376 

Cleaning stulTed animals, 284 

-with eaud blast, 47 

Cleansing discoloured washing soda, 192 

-«)da stains, 182 

Cleveland slag works, 114 
Oock dials, silvering, 96 
Clove bitch, 399,404 ^ « 

Coachmaker's black vsinisb, 424 

— copal varnish, 420 * 

oat, waterproof, 604 

ocoannt oil soap, 166 
Coke air screens, 6 

-razor paate, 4 

Cold sHvering, lOl *• 

-soldering, 186 

— storage insulati<H), 118 
-tinning, 370 ' 

Coloured drawings, varnish for, 428 

-rubber stamp inks, 27 

Colouring sealing wax, 71 

— soaps, 166 

-wines, 621 

Colourless varnish, 422 
Compass saws, 69 
Combs, tortoiaeahell, 395 
Coiiceutratiiig syrups, 16 
Concrete, silicatlng liquid, 266 
*— waterproofing, 507, 608 
Cooley’s textile waterproofing, 606 
Cooling by evaporatlou, 6 

—— processes, 4 
Copal vamlsb^ 416 
-for fine p^tings, 419 

— —— quick drying, 419 
Copper corrosion, 27 

hardening and tempering, 362 
—<"■ pans, retinnlng old, 364 
—— salts, recovery of waate, 465 
—— silvering, 97,100 

-tinning, 362 

-ungilding, 468 

Cordage, sizes of, 25 
•— waterproofing, 494 
Oorrorion of metals, 27 
Cost of refrigeration, U 
Crayon drawing, varnish for, 431 
Crosscat saw, using single banded, 70 
sam, 68, 68 

Crosaley gaa producer, 273 
Crotch puncm 68' 

Cucumber vinegar, 442 
^linary vessel^ tinning, 863 
Cnnnlogfaam’s concrete waterproofing, 608 
Cuprammonium waterproofing prooesaai, 
493 ^ 

Curd soaps, 149 

Curing waterproofed fkbrlos, 467 
Oitiefy, hardening, 387 
Cuttero, ten^>ering, 338 
Cyanide solntiona, recovering silver firom, 
460 
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Di.WAB Tiarnteh, 421 , 

PAjupproof paints, 608 
IMamond hltdi. 404 
DIl-b, bardenlng, 343 
Wsinfectant soaps, 168 
IHBSton’B t>n€-nian saw. 67 
Distempering. 613 
bnisbes, 620 
—~ colours, 514 
, — laying on adoure, 516 
_matcblig wall papers, 616 

— outride wyrk,%l7 
ataitftri ceilings, 616 

> wa^abie, 61? 

Dividing a board equally, 383 
Double-ibeet bend. 399 
Dowaon gas pro^cer. 369 
Draw-reef knot,^99 
Drawings, vandah for, 431 
Driers, 411 

DriUrag hexagonal boles, 385 

— square holes, 384 
1>I7 soldering, 185 

Drying waterproofed febrlcs, 487 
I^e soaps, 168 
I^elng straw, 262 


E 

Eabthbnwark fender curbs, laying. 366 
Ebonising wood, 216 
Electrical soldering iron, 193 
Elkin'b saw sharpener, 64 
Emery mror paste, 4 
Engineer’s soap, 166 
Eiigraving with sand blast, 49 
Engravlnpt. transfer varnlah for, 428 
—— varnish for, 428 
Euphorblum, coating steel with, 33 
Expanding solder, 185 


fABBioi, waterproofing, 494 
Felt bate, waterproofing, 498 
Fender curbs, laying glazed, 355 
Files, hardening and tempering, 3 
sofienini;, 361 

FUllogfoTeoaps.167.l62 
Plnlsblng stereotype plates, 239 
Hre hose, waterproofing, 498 
Fireproofing, steatite paint, 619 
Firii. mounting, 284 
FldJ-bcoks, tying, 406 
«->• tying got to, 406 
Fitted soaps,^49 
Flat ropes, 24 
Fleam of teeth, 67 
Floating soap, 186 
Flong, 228 

preparing. 230 
Floors, staining, 200 
--tllelaying, 367 


Flowers of Erin soap, 170 
Fluid solders. 186 
Flux, for welding, 141 
Fluxes (or solderimi, 186 . 

Foil, rilverlng with, 97 
Foot-vice, handy, 386 
Forging methods, 129 
Formes, preparing for stereotyping, 231 
Froslproofing with slag wool, 117 
Fumigating oak, 225 
Furniture varnishes. 424 
— varnishing, 417 


Gaibe's concrete 

( 3 alli«her’ 8 Concreh* waterpiooflng, 608 
(ialvanised iron, protecting, 28 
(lalvanising iron, 31 
Garlic vinegar, 442 ^ 

Gauduln’s soldering fluid, 188 
Gauge of saws, 70 
German silver, silvering, 101 

__ungilding. 458 

GMEer'8anti-a)m»iveprocf»B.« 
Gilded articles, removing gold from. 468 
— varnish for, 426 
Girders, pi eventing corrosion 1^ 34 
Glass, engraving with land blast, 49 
—<■ slag, 106 
— varnish for, 427 

Glauber’s salts, 181 

Glycerine, recovering from lye, its 
—. soap. 170 

-tempering in, 361 

Gold paint, 429 

__recovery of waste, 465 

_japanner’s, 429 

Gravers, hardening, 340 
Greaee-proof paper, 600 
Greasing wire ropes, 630 
Grinding valves, 409 
Grindstone, artificial, 269 
Grooves in wood, tool for, 39i 
Ground glws, imltaUon, 427 
Gumming saws, 67 
Gun metal, recovery of waste, 466 
Gut, tying to fish-books, 406 
Gutta-pereba varoiab, 427 


Haw-bocnd grooves, tool for, 391 
Half-tone blocks, stereotyping, 446 
Hammow, liardening, 340 
_ soft. 390 
Hard soaps, 166 
—- soldering, 198 
—— spirit vaj^h, 442 
water soips, 167 

__-softening, 473 

Hardening and tempering copper, 353 

_•cutters, 338 

_files, 339 

_mill bills, 340 

__springs, 342 

__tooto,S44 
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Htrdeoiog'aad temperiag, ase of arsenic, 341 

-cutlery, 337 

direct press method, 361 
gravers, 340 

— hammers,‘340 

— high speed steels, 340 
—■ lathe mandril, 340 

— machine steel, 331 

— metals, 327-362 

mill picks and chisels, 341 
mining picks, 341 

— razors, 337 

—~saw8, 337,342 

•— soft stone, 369 

~~ taps and dies, 343 

—— useful hints, 332 

Harness soap,^ 167 

Hats, waterproofing, 498 

Hatt’s concrete waterproofing, 608 

Hanl^ ropes, lubricant for, 632 

Hawley's concrete waterproofing, 608 

Hearths, tiie-l^i^ for, 362 

Heat proofing with slag wool, 117 

Hemp ropes, splicing, 468 

HexagomU bole, drilling, 386 

Hides, waterproofing, 498 

High speed steels, hardening, 340 

Hollow building blocks, 266 

Honey soap, 170 

Hookah, 381 

Hooks and eyes, silvering, 98 
Horizontal suo-dlaU, 281 
Horn, staining, 201 

HorBe>cloth, waterproofing paint for, 604 
Horsehair, staining, 202 
Horseradish vinegar, 442 
Hot silvering, 96, 97 
Hughes miCTOpbone, 364 
Hulot's alamioium'bronze solder, 186 
Hunning's transmitter, 306 
Hunnings-oone Heckert transmitters, 307 
Hydraulic press, a simple, 389 
—• rams, efficiency of, 480 
Hydrogen generator, 42 


1 

lot making, 6 
—> skating rinks, 14 
Icfatbyd eoap, 168 
Indlambber, solvents for, 489 
—— varnish, 426 

' waterproofing, 486 
InductioD ooils, 807 
Ink for rubber stamps, 26 
Inoxidising processes, 38 
Insecticide so^, 168 
Iodine soap, 168 
iron and steel, protectti^, ^ 

—— artieles, dasHveilng, 4a 
ossetbordening, 327 
*'- oorr^on, chenkcsl action, 30 

attacked soft*water, 473 
—‘SUverlng, 65 
•^softening; 860 

-welding IC . 

-wire, tlufng, 36« 


IronwOTk, cleaning with sand blast, 49 

-vsroi& for, 424 

Ivixy, staining, 201 


j 

Japan black, 426 
Japatiners' gold size, 429 
Jeweilery solder, 187 


K 

Kauoihnb, 618 

Kalsomining, 513 . 

Kilindo repes. splicing thimbles, 637 
dCllnger’s water gauge. 471 
Knots, binding, 404 
-Blackwall bitch, 401 

— bowline, 399 

-Garrick bend, 401 

-catspaw, 401 

-clove hitch, 399,401 

-divnond bitch, 404 

-double sheet hbid, 399 

-drag rope, 401 

—— draw reef, 399 

— reef, 399 

—— sheet bend, 401 
—— single sheet bend, 399 
—— thumb, 399 
—— timber hitch, 399 

— weaver's, 4Ql 

Kobelka’s stone-bardening process, 356 


L 

LAC-MBU VOTRish, 428 • 
loathe Imdrtl, hardening, 340 
Lavender soap, 170 

Lawrence water softening process, 479 
licad bath, tempering in. 361 

— use In hardening, 347 
*— effect of soft water on, 478 
—— pipes, corrcMlon of. 45 

—— recovering from fine, 470 
—— shot, 92 
Leather, staining. 203 

-waterproofii^, 498 

Left'band thread tap. 388 
Uggings, waterproof {Mint for, 564 
Lightning arresters, 319 
Lime paints, 618 

-sUlcated, 819 

-use as anti>eorro6lve, 36 

Limewash for ceilings, 617 
Linen, waterproofing, 50f 
Llnse^oil, 411 

-boiling. 413 

-—■ vamiues, 431 

Uverpool splice, 527 
Locomotive timks, painting, 48 
Long spUclog, 408 .. « 

Lowrys textile waterproofing proosa, HI' 
lAibrlMtlDg winding ropes and pldas, 

— wire ropes, 566 

Lax, coQcrete wstarprooflng, 606 
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MAcnAEiR’s iron OAtmg pruceis, 34 
Machine iteel, Ittfdcnlng, 33) • 

Machinery, proteciing from ruat, 44 
Maignen’a water aoftmlng plant, 474 
Mahogany *stain, 220 
Malacca cane, polishing, 454 
Manare, sh^, 113 
Hap varnish, 428 
Maple stain. 221 
Marble, imitation, 258 
—- soap for cleansing, 167 
Marine soap, 1489 * 

Marlcinfr tools, 392 

Marsh’H concrete waterproofing, 508 ^ 

Mastic varnish, 421 
Matting, Chinese, 265 
straw, 265 

Medicated soaft, 167 
Meerschaum pipes, 380 
Mercurial soap, 168 
Meul clippers, 382 

mstlng and corrosion, 27 
Metals, cleaning with sand bla^ 47 
—* Sherardl^ng, 31 
Micrembones, 296-307 
—oytig, 306 
plates for, 305 
—— tbaory, 306 
Mill bills, hardening, 341 

-picks and chisels, hardening, 341 

Milled soaps. 158 
Mine plplx^, protecting, 34 
Mineral waxes, preserving Iron with, 43 
wool, 116 

Mining picks, hardening, 341 
Mond gas 271 

Morflt’s soap process, 146 •• 

Morse code, 293 

-tel^raph Instrument, 292 

Mortar, 111 
Mostdc oon^ete fioors, 381 
fioors, 358 

-preparing the tesaere, 361 

Mottled soaps, 149 
Moulding tortoiseshell, 394 
Mounting stereotype plates, 239 

-stereotypes, 246 

Mouth biow.pipe, 199 
Muller’s sobering fluid, 186 
Mnik soap, 170 


N 

MATiOKAt gas producer, 273 
Kettlng, waterproofing, 494 
Nl^el, recovering waste, 470 
Kielled silver, 106 


’ 0 

Oak, darkening, 222 
• fdm^lated, 

-stain, 221 

—* vamlih, 42^ 


(Ml Tamisbes, 412 
Oilcloth, 805 

OHskins, 504 
Opaque eoaps, 151 
Orange>flower soap. I7l ‘ 
Outeide work, whitewash for, 61B 
Oxide of tin razor paste, 4 
Oxidised silver, 103 


P 

Pack saddles, tying, 404 
Packing paper, waterproof, 600 
Painting galvanised iron, 28 

— metal work. 32 
Paintings, copul varnish for, 419 
-varnish for, 42B 

Piunts, dompproof, 508 

— for iMn, 36 
-lime, 618 

steatite, 519 
Palm oil soaps, 169 
Panama hats, 264 

Paper, elastic dammar varnish for, 431 

-grease proof, 500 

_ parchment, 500 

— Btamlng. 209 
varnish for, 428 
varnishes for waterproof, SOI 

-varnishing, 418 

-waterproofing, 493, 499 

Paraffin oil, separation by cold, 15 

Parcel, tying. 406 

Parkes* vulcanlslt^ procen, 487 

Porone's textile waterproofing process, 505 

Pasb* for fiong, 228 

Puteboard, waterproofing, 499 

Patterns, iron, varnish fbr, 424 

Pavimt blocks, sh^ 106 

—— fia^ artificial. 266 

Paut’s textile wate^rooflng process, 502 

Percy’s Iron coating process, 33 

Perfumed soaps, 147,169 

PeUiiying concrete, 266 

PboroB concrete waterproofing, 608 

Fbotogrophlc prints, varnishing, 431 

-solutions, recovering waste metal 

from, 459 
varnisbes, 430 
Pickling iron castings, 33 
IHcture frames, staining oak, 219 
Pigments for sealing wax. 72 
Pipe-wrench, extemporised, 385 
Pipes, corrosion of, 29 
Plron's tanning process, 503 
ntch of saws, 66 
Plaster, stainiog, 213 

Plating solutions, recovering silver from, 
465 

Platinum, recorerlog waste, 458 
Plenum ventilation, 434 
Plumber 'a blowpipe, 195 
•>— soldering, 188 
wiping elothB, 192 
FolUhed metal, varnish for, 426 
i—* Burfooea, protecting, 

Polishing midacca cmie, 454 
mo^ floors, 360 
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PntlilbiQg fioaliug wax, 73 

-soaps, 172 

Potash soaps, U4 
Primrose soap, 171 
Prints, removing varnish from, 431 
•— varnish for, 42 h 
P umice-stone soap» 173 
Punch, a hatidf, 

Pariff ing silver, 94 


It 

RanivaLL, estimating, 476 
Rainwater, 476 
—— separator, 1 

Ramome's slag cement process, 111 
Raspberry vinegar, 442 
Rasor paste, 4 
Ruors. hardening, 337 
Reef knot, 399 
Refiectors, silvering, 95 
Refiex water gauge, 472 
Refrigeration, 4 

—— anhydrons ammonia method, 12 

— brine method, 12 
motive power, 11 

Reimann’s textile waterproofing process, 502 

Rein leather, staining, 207 

Reinforced concrete, waterproofing, 606 

Raglster, calculating sizes of. 439 

Relays, 329 

Remelted soaps, 155 

Repairing stereotype plates, 240 

Resin soaps, 151,173 

Hesinons woods, sawing, 69 

Ra-tinoing, 362-372 

—— brass, 365 

— old copper pans, 364 

Rifle barrels, mst-proof coating for, 40 

Rip saws, 60 

Wver waters, 477 

Road metal, use of sl^ for, 105 

Rondoletia soap, 171 

Rope-making by hand, 18 

—— fiat ropes, 24 

laying the strands, 24 
—— tools. 22 

-splicing tooU, 524 

Ropes, care of, 22 
—~ 8lz» of, is 

— strengUi of, 19 
waterproofing, 494 

•— weight of, 24 
whipping, 401 
Koaesoap, 171 
Rosewood stain, 223 
Rubber-stamp ink, 26 
Rubber stamps, 26 
Rust, removing from steel, 44 
Busting of metals, 27 * 


s 

8iCxh<OTH, tarming, 503 
HaddieiT fittings, silvering, 97 
Sattclou, tanning, 50& 

-r-’vraterproofli^ 505 


Salt bath, tampering in, 351 
SasiH, slag, 107 

-soaps. 174 

Sond-blvt, cleaning with, 48 

-engraving with, 49 

proc^ses, 4? 

Saliiiwood stain, 223 
Saucepans tinning iron, 369 
Savul, 169 

&W8. angle of teeth, 60 
back, 69 
-band, 61 

— buck, 59 
—— clrcniar, 60 

• -Cfrtnpass. 59 

cro88-cn^ 69, 68 
*— crotch punch, 69 

-deepening gnllet, 57 

-dimenrions of, 56 

-emery wheel ^arpem^rs, 55 

-filing, 62 

fleam of teeth, 67 
-— forms af teeth, 66 

— gauge of, 70 

-gumming, 67 

-bandies, 66 

-hardening, 337, 342 

Join ting, 64 
—— one-man, 67 

-pitch tif, 66 

-rip, 60 

-scroll, 69 

— set of teerii, 68 
-setting, 60 

—shapes of ^tb, 66 

-sbarpeulng, 60 

—— side jointing, 54 

-throats. 67 

-wel^ 69 

Screw taps, care of, 387 
Scroll saws, 59 
Scagllola, 258 
Sealhig-wax. 71 
—> tettle, 74 

-bronze, 74 

—— brown, 74 
-colouring, 7! 

— deed, 74 

— forming, 73 
—- gold, 76 
—, ^een, 75 
-. igredients, 71 

— letter, 75 

- melting. 72 

-mlecelJaneoos receipts. 73 

-mixing. 72 - 

—“ parcel, 75 

— polishing, 73 
-properties, 71 

— red, 76 

•>— translucent, 76 

-yellow, 76 

Seamen’s oilskins, 504 
Selv^ee, 26 
Septic tank system, 79 
Setting saws, 66,68 
Sewi^e disposal, 77 

— — cesspools, 77 

— — intermittent filtration, 77 
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Sewage disposal, eeptic tanks^^ft 

-tanning, V 

Shallot Tinegar, 442 
Bharpenlf g saws, 50 
Shaving creams, 173 

-soaps, 173 

Bbeet-lroDjitpes, tarring, 42 
—protecting, 34 
Sbeflleld plate. electropUting, 99 
Shellac, 90 

BberanUslng metals; 30 
Shingle, slag, 107 
Shoe ^rpcning vice. 3S7 
ffjoes, wakrpruofij^. 499 
Short spiling, 40ir 
Sbot,9& 

8lde>JoiDting saws, 54 
Slllca>lime bnilding stone, 257 
Plicate cotton, 116 
— of soda, 181 
Silicated lime faint, 509 
Silleating concrete, 256 
Silk, vamlebed, 606 

— waterpriHjflng, 606 
Silver, nlelled, 103 

paint, 429 

—— recoveryfrom photographic solutions, 469 
— platiid goijils, 465 

---plating Bolndoiis, 465 

—— —of waste, 467 
—— ungilding, 458 
—> varnish for, 426 
Silvering, 94 

-brass, 100 

-buttons, 98 

clock dials, 96 

— cold, 101 
copper, 101 

-de-stlvering, 96 

German silver, 101 
•— hooks and eyes, 98 

> hot, 96,97 

—Imitating old, 103 
—^ iron, 96 
»-■ on solder. 96 

— oxidised silver, 103 
—— paste for brass, 101 
—plating solutions, 94 
——. powder, 99 

purifying silver, 94 
reSectors, 95 
—— Sheffield plate, 99 

— silver nitrate, 94 
thermometer scales, 96 

-with foil, 97 

Single sheet bend, 399 
Skating rinks, ice, 14 
tabbing tile panels, 366 
Blag, artlSdsl atone, US 
• bottle glass, 106 
bricks, 112 
castinc H'f' 

—» castings, 106 
•m-m. cement, 109, 

> mtmure, 113 
mortar, 111 

—» paving blocks, 106 
—products, 104 
—. road metal, 105 


^ag sand, 107 
-wool, 116 

— — danger of iralphnr In, 122 

method of manufactnie, 120 

— — sound proofli^, 1IH 
Smithy tools and their uses, 123 
Snakes, mounting, 286 

Soi^,143 

— adnlterants, 162 

-aimond, 169 

•— antimonlal, 167 
—<■ arsenical, 286 
-iMills, 174 

bar, 166 
boracic, 167 

— bouquet, 170 

-bubbles, mixture for, 174 

camphor, 167 

— -savonette, 167 

— carbolic acid, 167 

— card, 149 

— carj^t cleansing, 166 

-cinnamon, 170 

•>— GOCoaDUt>dl, 166 

cold process, 147 

— cold processes, 161 

— colunrlng, 166 
disinfectant, 168 

— dye, 166 

-engineers, 166 

-English silver, 172 

— essence, 174 

-extract, 173 

-fitted, 149 

-filling, 167,162 

—— floating, 166 

-flowers of Erin, 170 

-fluid, 174 

glycerine, 170 

-bard, 166 

--water, 167 

-harness, 167 

— honey, l7o 
•^Iclitbyol, 168 

-insecticide, 168 

—■ iodine, 168 

— lavender. 170 

-marbk cleansing, 167 

marine, 148 
materials, 143 

-medicated, 167 

> mercurial, 168 

-milled, 168 

-miscellaneons receipts, 178 

>—* Morflt's process, 146 

— mottled, 149 
•—> musk, 170 
—— opaque, 161 

— orange-flower, 171 

— palm oil, 169 

— perfumed, 169 
perfumer's, 147 

-polishing, 172 

pota^, 144 

— powden, 172 

—— preparation of lyee, 164 
—~ primrose, l7l 
processes, 1^ 
pumice stone, 173 
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Swp, remelted, 1S5 
resin, 151,173 

-rondoletift, I7l 

—— roee, 171 , 

_ sand. 174 
—savol, 169 
—~ shavli^, 173 ^ 

— -cream, iw 

-soft, 148, 174 

— Bolphor, 169 
tablets, 159 
tallow, 177 

--resin, 178 

ter, 169 

testing materials, 163 

-toilet. 151 

—~ traiisparoDt, 163,177 
Wolet, 171 
wash balls, 161 
—— Windsor, 171 
Soda, 180 

—— bicarbonate, 181 
—— carbonate. 161 
caustic, ih 
rilicate, 182 

—• solution, testing, 182 
—stains, remoring, 182 

— stannate, 181 

—sulphate, concentratti^ by cold. 16 
-salphur, 181 

— nse in mixing cement, 182 
washing, cleaning disroloured, ls2 

Soft hammers, 390 

-soaps. 148,174 

—~ soUeiing, 196 
^—solders, 183 

stone, hardening, 259 
water, eflhct on iron pipes, 478 
Softening files, 351 
—— Iron uid steel, 350 
-water. 473 


—— cold soldering, 186 

— dry eoWerlng, 185 
expanding, 185 
fiuids, 186 
fuzes, 186 

—for alamlnlum, 183 
_ broBse, 786 

— Jewellery, 187 

— paste, 186 

—» plumbers' work, 18S 
silvering on, 96 
.aoa,183 
—• aolderlne, 185 
stereotype, 242 
Soldering branch Joints, 190 
—bruing, 198 
—~ bead J(dots, 19I 
ftrltamiia metal, 196 
—— flange Joints, 189 • 

•r—hard, 198 

lroQ,elsclrical, 193 
. laimj pf , 196 

•4—>*ayercsst Joints, 18[9 * 

ptomber's blowpipe, 195 
round 

-4011.196 ' 

—• stereotype {dates, 241 


Solderingitaft joints, 191 
—-underhand jointii,H8% 

—- nprigbt Joints, 188 

-wiping clotto, 192 

Soiventmor indiarubber, 489 
Soundproofing, 118 
Spanish white, 519 
Spiral splice, 627 
Spirit vamlshea, 413 
Splicing, 407 

-Uverpool, 527 

-long, 408 

— siiort, 407 
—> spiral, 627 

—— tblnibles, 625 • 

p — wire ropes, 407, 524 
Spring plate, welding, 142 
Springs, hardening and tempering, 338,342 
Square boles, drilling, 384 

— sun dials, 282 

SUdned ceilings, remedyinf, 616 
Staining, aniline dyes, 207 

— bricks, 2i3 

— floors, 200 

— born, 201 

-horsehair, 202 

-ivory. 201 

-leather, 203 

-mahogany colour. 220 

-paper, 209 

— picture fi^mes, 219 

— plaster, 213 

-rein leather, 207 

-stone, 213 

— table tops, 215 

-walking Slicks. 453 

—— wood, 214 

Stains and staining, 200 
—— Chippendale, 221 

-colour^ 221 

-fumigating oak, 226 

— mahogany, 220 

-maple, 221 

-oak. 221 

-rosewood, 223 

—— satlowood, 223 

-walnnt, 223 

Stannate of soda, 181 
Steam loop, 226 

-pipes, slag wool covering for, ISO 

Steatite paint, 519 
Steel annealing. 336 
cateharttening, 327 

— corrosion of, 28 

-restoring burnt, 346 

>— softening, 350 

-tinning hard; 369 

-varnish fiir, 424 

Stereo metal, 246 
Stereotyping, 227 

—— bending platee, 943 

boolfblnder's atereoe, 945» 

—> casting carved plat^ 249 
casting firom woot^locks, 243 
damage to type, 3M 
balftonei and t^ie, 245 

— Inerting Uooka and eleotim ha 

• moistare in numld. 944 
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Stereotyping, mounting, 246 
paper proctse, 227 

_1-1beating, 232 

m I—' casting, 234 

— —• drying tbe mould,*233 

_finishing platea, 239 

__ iioDg, 228 

- . mounting, 239 • 

. — — paste, 229 

_—--repairing plates, 240 

— --trimming the plate, 237 

_working dcUuk, 2^ 

— plaster process, 247 

-— — bakhig mould, 260 

_beWUng and squaring the 

* plate, 263 

— --casting, 260 , 

____— the mould, 249 

— —i..— filling up, 249 

__ ^ttenlog the plate. 262 

_Unocklng out tbe plate,.261 

- —. I—. mounting the plate, 263 

_ —— preparing the forme, 249 

_ __ turning tbe back, 262 

_to thickness, 262 

—• preparing formes, 231 

_ the metal, 248 

-soldering ptate^ 241 

—— stereo metal, 24$ 

— trimming curved plates, 243 

— wood bkKks and type, 246 
Sterling’s antt-corroBlve process, 35 
Stone, artificial, from slag, 113 
—— Ume pidnt for, 618 

— Bofi, Urdening, 269 
-staining, 213 

-wbitowashlng, 612 

Stoves, aDtl-currosive coating for, 37 
Stral^tening walking sticky 464 
Straw bats, black varnish for, 426 

— plait, 260 

— Chinese matting, 266 
—• dyeing, 264 
—— material, 262 

— —— mattii^, 266 

Panama hats, 262 
Strength of ropes, 19 
Stuffing box ucking, 268 
Suction gas, Crossley gas producer, 273 
—— ■>— fiiels, 27? 

-National gas producer, 273 

producers, 269 

__—. for two englues, 278 

■— Tangye’s producer, 276 
Sugar, concentration by cold, 16 
S^bate of soda, 181 
finlpbur soap, 169 
Sulphuric and. 279 
Sun dia^ olroular, 261 
- borlaontat, 281 


iquare,282 
_tertiai,3il ' 


Syrups, eonoentratlQg by cold, 16 
cooling, 16 


T 

Table tops, staining, 216^ 

-varnish, 424 

Tablet soapa, 169 
Tallow resin soaps, 17$ 

- soaps, 1?7 • 

Tangye’s gas producer, 276 
1’anning textues, 503 
Tap for left liand thread, 388 
Taps and dies, hardening, 343 
Tar Imieh, 620 
soaps, 169 

Tamlahing of silver, preventing, 4$ 
Tarragon vinegar, 442 
Tarring sheet iron pipes, 42 

— yams, 21 
Taxidermy, 284 

—arsenicai soap, 266 
-birds, 286 

—> preservative for, 286 

— — setting up. ^6 
cleaning stuffed spedmens, 289 

—» curing bird skins, 286 
-fish, 284 

-mounting animals, 287 

—snakes, 286 
Telegraphy, 289 

— instruments, 290 
insalatoTS, 290 

— Morse code, 293 

——-instrument, 292 

-wircleas, 293 

Telephony, 296 

—— conn^iug liella and telephone, 324 

— domestic circuits, 306-313 
—— home-made instroments, 321 
—' Huuning transmitter, 306 

—— induction coils, 307 

-lightning arresters, 319 

magneto call imitrumeDts, 319 

-outside dreuits, 309-316 , 

-relays, 320 

transceiver, 3Q9 
Tempering, 333 

— Vring tools, 346 
-colour tests, 334 

glycerine batii, 361 
x— infiuenco of temperature, 333 

-lead bath, 361 

metala, 327-362 

— salt bath, 361 
Tents, waterproofing, 506 
Teding vinegar, 442 
Textiles, waterproofing, 601 
Thermometer scales, sllvering,«96 
Thimbles, splicing, 625 
Thumb-knox, 399 
Tile-laying, floors, 367 

heartbB«362 
——on wood) 368 

— slabbing die panels, 366 

— vertical Burftees, 366 
Timber bitch, 399 

Tin cans, using up old, 470 

— oxide rasor paste, 4 

-recovering wjde, 466 

Tlh-plate manufacture, 371 
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Vnoing and retinning, 342-372 

— boiling white pnicess, 366 
-bran, 366 

-wire, 387 

^ -»> caw-bardened arttelei, 369 

— cold process, 370 

-colour of deposit, 366 

-ootmer, 363 

— culinary vessels, 363 

—> Iron saucepans, 369 

---wire, 368 

sointions for, 366 

— rfnc, 370 

Tobacco pipes, 373-381 
■— briar root, 378 

—. — charcoal, 380 

— —- clay, 873 
—• — hookah, 391 

-—^ meerschaum, 380 

Tobin tube, 433 

Toilet soaps, 161 
Tools, ropemaking, 22 

-keeping in GondltiOD 392 

—^ mvking, 692 

— smithy, 123 
—— tempering, 344 
Tortolseuell, 394-396 
-Imtttdkio, 395 

—— inlaying, 395 
meiting, 396 
-moulding, 394 

Townsend’s textile waterproofiUe;: process, 502 
Transfer varnish, 428 
Transfers, 396 
Translucent seeing wax, 76 
Transparent green varnish, 423 

— 8(«p8,163,177 
Tne-iron, Axing, 391 
Turpentine varnishes, 413 421 
Tying, 398 

—» n(di->hooks, 406 

— parcels, 406 
Type, rubber, 26 


Unxnmo Iron rods, 131 


Vicor* system of ventilation, 432 

Valve grinding, 409 

Tan coven, waterproof paint for, 604 

Tamlakee, 410 

—— amber oil, 421 

—aniline, 423 

—— Miei«rQst, 44 

— application. 41t 
—— aapbalte, 424 

black 425 

— —— leliher, iXI 

boUing water, to ratiit, 423 
—* Bkos^ok Ua^ 425 4 

^>->caJbbet,429 
eahiagei, 420 
coaokmaker'i biack, 424 
422 


Vamlsbea, common, 422 
—^ copal, 418 
•—> dammar, 431 

-driers, 411 § 

-elaltic, 421 

-dammar, for paper, 431 

• for engravings, 428 • 

— gas balloons. 428 
-glass, 427 

— -imitation ground glass, 437 

---paintings, 428 

-prints, 428 

--silver, 426 

-waterproof gpods, 426 

-—— paper, 561 

• -furniture, 424 

7 — gilt articles, 426 

-green transparent, 423 

-gutta percha, 42? 

-hard spirit, 422 

-indla rubbw, 426 * 

— irtaiviork, 424 

-Japanner's gold size, 429 

— kinds, 412 

— lac-water, 428 

-linseed oil, 411,421 

-mahi^any, 420 

-nuking on small scale, 4i« 

-manufacturing process^ 413 

—— map, 428 
—■ mastic, 421 

-materials, 410 

——- oak, 431 

-oil, 412 

—— photographic, 430 
-plant for maauficture, 416 

— properties, 410 

— removing from prints, 431 
-soft brilliant, 433 

-spirit, 413 

— rteel and lr<m, 424 
—— straw hats, 426 
•— table, 424 

—o transfer, 428 

toipentlne, 413,421 
•— violins, 427 
-wainscot, 420 

— white, 423 

— -copal, 419 

Varnishing cardboard, 418 
—- coloured drawings, 428 
-fumKure, 417 

—■ paintings, 428 
—— luper, 418 

— pbou^aphlc prints, 431 
-silk, 505 

-violins, 427 

—• walking sticks, 454 
Ventilation, 432 

-air required per person, 438 

-areas of ducts, 440 

—• calculating sises of duota, 139 
—combined system, 434 

— plenum system, ii34 

-Royal Society of Arts sysfeeci^ 4M 

-r-Tobin tubet, 433 

-vacuum 8y8tem,\43a 

Vertical son dials, 98] 

Vice for saw filing, 83 
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yineKar, 441 
-aromatic, ^2.413 

— cucnmbar. m2 

-nrllc, 442 

•— norffi radlfib, 442 

— raspberry, 442 
»— Bballot, 442 
—Tarragon, 442 
•>— testing, 442 
Violet Hoap, 171 
VloliDS, varniebiDg, 427 
Vitriol, 2)^0 

Valcanidng fabrics. Parkes' process, 437 

-waternrocfo I fabrics, 487 

Wainscot TOmlRha ^20 
Walkinft>Hticks, 444 

collecting raw material for, 445 
msteriaK 445 

— melbod of treatment, 4"^ 

—- polishing, 4S4j 

-preparm^andleB, 452 

— staining. 463 
-Btraigbteiiing, 454 

o vamibhlQg, 454 
Walls, colouring, 510 

— damp proof paints, 608 
-distempering, 512 

— waterproofing, 607 
whitewashing, 510 

Walont stain, 223 
Ward’s inoxididng process, 38 
Wash balls, 161 
Washable distempers, 517 
lime paint, 519 
wbitcwasb, 517 
Washing down brush, 520 
—> Soda, deanii^t discoloured, 182 
Waste metd, brass turnings, 455 
_ copper salts, 456 
dcsllverlog plated goods, 46S * 

— —- gilded articles, 468 

^Id, 455 

— gunmetal, 4,55 
—■ • lead from zinc, 470 

—- — nickel, 470 

— -old tin cans, 470 

—— —- recovery, 456-470 
..I.. platinum, 468 

— -silver from plating solntloos, 465 

—— — tin, 466 

Water closets, anti'freezing, 82 

— gauges, 471 
—— glau, 183 

Bofieuing, 473-476 

Clarke’s process, 479 
Lawresers process, 479 
supplies, action of water on metals, 478 
eff^ of waters ob pipes, 478 
—— —— estimating rainfall, 476 
—— —— rainwater, 476 
. 1 . —raising water, 480 

——-rfcrer water,‘477 

—• to Isolated houses, 475 
underground tanka, 476 
water wheels, 482 
well water. 477 
> tuyere, fixing, 391 
—~ wheels, 482 
Waterproof vamlsb, 426 


Waterproofing, 485 

— bools, 499 

— brickwork, 607 
-buildings, 607 

— concrete, 607, 608 * 

—— caprammonium processes, 491 

-damp proof paints, 608 

distempers, 517 

— felt hats, 498 

-fire hose, 498 

—■ leather, 498 

-limo pidnt, 619 

-oil, 6(l6 

-packing paper, 600 

-jjaper, 499 

-— vaniibhea for, 601 

pasteboard, 499 

-shoes, 499 

-spreading fabrics, 486 

-steatite paint, 519 

— textiles, 601 
—~ walls, 608 

whitewash, 611 
—— Wlllesden products, 491 
Waterproofing with indiarubber, 486 
curing fabrics, 487 
drying spread fabrics, M7 
effect of copper on fabrics, 490 
Mnting and piecing fabrics, 489 
Parke’s vulcanising pruceffi, 487 
rubber substitutes, 489 
solvents for rubber. 489 
spreading fabrics, 486 
vulcanising fabrics, 487 
Waterproofing textiles, 602, 
ahimina pmeess, 602 
Bellefrold’s process, 603 
Berlin cloth, 602 
Bienvaux's process, 602 
Bullard s proccas, 602 
calico, 60^ 504 
canvas, 604,606 
capes, 604 
coats, 604 

Cooley’s process, 606 
I)\tjaidin's pnx^, 506 
borsecloths, 504 
invlBlbie, 503 
leggings, 504 
linen, 604,505 
liOwry’s proem, SOI 
oilcloth, 605 
Paut’s pincess, 602 
Parone's process. 506 
Belmann^s proceas, 602 
sailcloth, 604, 606 
silk, 505 

Townsend's process, 502 
van coven, 504 
woollens, 664, 606. 

Weaver’s kn^, 401 
Webb aaws, 69 
Weed kUiets, 509 
Weight of ropes, 24 
Welding caB6>iron, 142 

— ca^steel, 140 

-flux, 141 

-imn, 141 , 

meUuKl, 132.134 
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4^eUlng gprlDg plate, tie 

- Steel UO 

Well wt^rc, 4t7 

Whiffling ropes, 401 

White metal for wire rope sockets. 529 

—> vsmtab, 433 

WhttewMh, waterproof, BU 

WhltewssblQK, 510 

-brick. SIO. 512 

— brushes, 620 

-outside worit, 618 

—stone. 612 

—whiting, 619 

— wood, 612 
WhltiuK, 619 
WillMden products, 491 
Winding ropes, pre^vstion of, 530 
Windsor soap, 171 

Wines, colonrtog, 521 
Wire ropes, &22~532 

— — dressing for. 530 

' endless kilindo splice, 628 
--j- splice, 624 

— -flxingh )ses or sockets, 528 

--areaslog, 622, 630 

-- handling. 622 

— Liverpool splice, 627 

--lubricating, 632 

-- preserratioD of. &30 

-spiral splice, 527 

-splicing, 407 


— - — - ^ 

Wire rojib^^lidng thimblea, 626 
_(_in kl&n^o, ropes, 827 

——-- tools, 624 

Wireless telegraphy, 293 * 

Wood, oarkening neural tint, 226 

-ebonJslng, 316 

lime paint for, 616 

-staining, 213 

whitewashing, 613 
Wood's slag cement, 111 
Woods used for walkn^ sticks, 444 
Woo], slag, 116 
Woollens, waterproofing, 504 
Woven matting, 266 e < 

• Wrinkles, defence against, 443 


Y 

Yabk, preparing for rope imktng, 19 
—— spinning, 20 
—— tarring, 21 


z 

ZiNO coating of netaie, 3B 
—— effect of soft water <m>, 478 

-preveuiitig corrosion 46 

—-x recovering lead from, 470 
—tinning, 276 


I'tOKtito: vinins n^ynnux ciowm jim mm, tanno, ■ 
ttKMT wntMCiu irraBT, Wa, axd pou snuuci, mwroan srwwr, iji 



FORWARD 


With steady stride 
Without respite 
Like rising tide, 

Pa>ceetls Fluxite.-“i?»r«X\y/rflrf. 


FLUXITE 

'ITiat's the cry heard wherever soldering work is to be 
done. Plumbers, Electricians, G.'isfitters, and other 
Metahworkersall know " Fluxlic'’ is the paste flux that 

SIMPLIFIES SOLDERING 

They use it because it solders .uul tins even dirty 
metals without cleaning. It docs not corrode and is as 
safe as resin. For tinning lira's Unions and Taps, 
for “ blowing ” compo joints—in fact, for any solderjng 
job it is unequalled. Moreover, it does lead-jotnting 
without solder merely by lhe use of blowdamp or 
blow-pipe and 

SUPERSEDES LEAD-BURNING 

Anyone can do soldering work with “Fluxite." 

YOU WANT SOME. 

Of Ironmongers and Oilshops, in 6d., 1 /- and Zj- tins. 

Made by THE AUTO CONTROLLER CO. 
170 Vienna Road, Bermondsey, S.E. 

[If desired some solder can (>e filed into a little “ Fluxite 
ttttd the two applied sitnultaneoHsly.) 












7891 


7982 




7113-7 


All Glass and 
Metal Parts made 
and supplied for 
the Consttuetfon 

of the 

Scientific Models 
mentioned 

in this Book" 
e 

PURE CHEMICALS 
FOR ANALYSIS. 


.No. 

6930 

r.yllnders. Glass, dimensions on the rub—Tx'iigth 

7 

10 

11 , inches^ 


♦ Diameter 

5 

6 

7 >» 



3/- 

4/9 

6/6 each., 

6942 

Plates. Glass, witli Hole in ccnlie, for Wimshurht’s Machines 
• Diamenr H 10 12 

14 

16 inches. 


3/- 3/6 

4/- 

S'- 

8 - per pair. 

i:iM3 

Ditto/ " ith Bra'^^ Si-ctor'i, Varnished— 

]>iainetci s in 

12 

14 

16 inches. 


6/6 7/6 

8/6 

10 /- 

12/- per pair. 

7991 

Barometer Tubes, dovd oiii’ end . 



ch - 9 and -/lO 


, „ with Hi'iid and Bulh 



each 1/- 

7993 

as Used in Wheel Baniinifei' 

. . )/3 




6070-1 


6970 


6971 

694H 

7113 


7114 
, 7115 

7116 

7117 

6008 

8009 


Set of Electrical Apparatus, u.nsMint' i)f Paixi Briisli..Spi «>f five Hi lls, 

Whiil, I’lib Bull I'xiM'Tiiacni. Vucmmi Tu1k‘ imd lloUler, l•^llllllUltlll^c 
ridU- mid lliddei, Hwtru.il i'luus. Smoko Clyndi'iisatloii Ain«n.aii.s, 
FulnumitiiiK Tiilx*. hryilon Jm, IHsch.ivgiT. OoiidiictuiR Chains and But's 
Hiimlk's, with Book uf’lnstnKiioii}.. witlMitiiacliine . . . . £1 18 0 

Set of Electrical Apparatus, as al»ovc, InitmnalUT, with Sot of two Boils. 18 0 

Wimshurst’s Electrical Machine, host hnish. Mmultc 1‘liitce— 

C iiiclu*«di.mietei, 20/*; a inches 1 7 

Battery, Bichromate, Boiih- shajie, with Kbouite'ropami Brass Fiitnips. 

Now Foim, with ('arlH>ii» fixed m position by Screw«. wiihmii the use o1 
solder, this is u Rfat advaiitnirc. us in ihe event ol bn-akage, a luw 
htiiog can lie lorwiiided. ihus uvoidliig the neiewoty of TeUmmiR the 
whole Battery— Cipaiity 4*12 lim*s. 

2/6 3/6 S ’ 7/- each. 

Zlnca, for ditto, with Hole drilh'd and liipiK'd— 1 _ 3__ 1 

-/4 " '/6 ' - 6 /8 each. 


Carbons, for ditto, w Ith Bevelled Kdges uml liole<i ready for fixing— 

’ i _ i _1 _ 'i litres. 

-/*’ - .8 1/-each. 

Bottles, for ditto, ftitetl with Brues CoUars— t 1 1 2 Utri-s. 

-/9 1/6 2/- each 

Chromic Salt, in Bottles, for charging above Battenuh— 

i ^ 1 2 litres. 

-/8 -/8 -''7 1/-each. 

Rain QauSe, Howard's, Copper Funnel, SinebeBdiameter, w*ith Measur*' . . 10/ 

^ „ Jaiwnned Tin Funnel, ditto, ditto./ 

Spare Graduated Jars fur above.each 1/9 


































ADVKirrisKMl'lXTS. 


Slide Rules for WORKSHOP GALGUUTION 



*T1m‘ student isiilc 11I[ III iMtiir, ••triiiamii.'/ loi 

DivKhim, Fri>)Mirlji>ii, riilu'. (iiUt' Ar J'hiwvmoiI, wuli fVllul'>i<l tiVfC'ami tilu''?' 

4 5 •. \\nil iiK-t.il I'liiNoi. 2 • 



rill' STUDENT (No 'iioii) siiilt' Hull' mi III loll'.'. ^Mlh Si',iU-< a'^ iilioVi-. siiul 
''iiic, 'I'jiiisii'iil. anil 1 , 0 '.' Stall''. 8 6 



TIk- STANDARD (No -Jiiiu) Midi- link-, mini rom.-niiiii^ for Mnluiiii- 

ciilioii, Jlivi'ioii. Vi'o|Hirtioii CiiIh' .111(1 4'uIk' |{oo|. Sini', 'I'.iinrciil. and l,Msrs. Mnliooany, 
uiUi’fclluloiil lai-i-and ula-'S Cnrsoi 9 6 



The CUBING (No 'inn4) slide Jhile. ml in., haviu^ sealer, as “Sttuidaid." and in 
addition seales for lliidiny: sininllaneoush « dli the nuiiiher and w .thout any nioveiiient 
oi tlie Slide—euhes, nila' roots, and loi.ointhiu8. .Malioi^niij. with eidhiloid faev, 11/6. 
.1// Slidi' Itiil' s Mipplii-'l Hi ViiM', ii-ifh I 

Telephone:tS 8 S 8 London Wall 

DRAWING and SURVEYING 

INSTRUMENT MANUFACTURER 

47 FINSBURY PAVEMENT, LONDON, E.C. 
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And at SHEFFIELD and LLANELLY 

EstabUsbct) 1806 

PATENTS OBTAINED 

for the United Kingdom, the Colonies, and all Foreign 
Countries, at moderate Charges. Booklet of information 
and costs gratis. 

(ypiaiom given in rsses of Lifringetmii, ami every • 
msixtanai afforded to Patmteen and Inventors. 

DBAWINGS PBEPARED FOB PATENTED INVENTIONS,; 
AND FOB tHE BEGISTBATION OF DESIGNSi 


A 'CHABT OF 187 MECHANICAL MOTIONS 
P«st-free Cd. 
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ART METAL WORKERS 

• HAMMERS, MALLETS, STAKES. 

ANVILS. VICES, REPOUSSE & CUTTING V 
PUNCHES. PITCH BOWLS, FILES. / 
FLIERS. LTC / ^ 
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POLISHING. 
DRILLING, DRIVING. 
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ELECTRIO ! 
MOTOR& / 


i/ 


’ // JEWELLERS: 
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// BURNERS, CHARCOALS. MELTING 
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/polishing uATHES, BRUSHES. BUFFS ANfr 
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/ OILSTONES. GAUGES. HAMMERS, PLIERS, 

F NIPPERS. SHEARS, STAMPING PRESSES, 8AWS 
AND SAW FRAMES. VICES. SCALES and WEIGHTS, 
FLATTING and WIRE MILLS. DRAW BENCHES, 
AND OTHEFi MACHINERY AND TOOLS. « 


E W J 

FORAV 

RS:/a ^7 

7 SAND 

blast 

U 0 / MAOHINBS 

% ^ / FOR FROSTING 
/on METALS AMO 


/ MODELLERS: 

1^^ /wax, CLAY, PLASTER 
J / BOXYVOOD AND WIRE 
^ / TOOLS, SPATULAS, 

! / RIFFLERS, STANDS, ETC. 

' LEATHER WORK: 

MATTING PUNCHES, HAMMERS, 
KNIVES. ETC 






( GOLD, SILVER AND METAL 

CHAINS, STAMPINGS, BEADS, 
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METALS, g 

IN SHEETS AND WIRES 1 



SOLDERS 

OF ALL KINDS, 


CATALOGUES ON 





Telephones : 


8 


ADVEETISEMENTS • 











advertisements. 


*9 


w: H. PILMER & CO., Ltd. 

J)/lanufaciurers of 

LACQUERS, VARNISHES, POLISHES, 

* 

ARTISTS' & DECORATORS' COLOURS, 
PAINTS, ENAMELS & MATERIALS, 

LANTERN-SLIDE COLOURS, 
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WRITE FOR LISTS. 
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J<7 every l^ind of "Work witlj. 

Wood, Qlass, Qliina, XeaHier, etc.. 

Use Le Page’s Liquid Glue 


This powerful adhesive has stood the strain ol _ 
1600 Ihs. to the sq. inch. 'Being liquid it re¬ 
quires no cooking, and is the cheapest in the end 

A Descriptive Pamplilet of the many uses of Le Page’s liliie will he sent, with free 
somfile, on application. Sold in Th/. and 9<l. glass lH>tt]es ; 0</. tubes ; j - 
and tW., 1/-, 1/0, 2/6, 4/- and 6/0 tin cans. 


LE PAGE’S GLUE CO. 

76 TUBNMILL STREET, LONDON, E.C. 
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1. Modem Primary Satteries. By N. H. Sciimbipbr. 

2. How to Install Electric Bells, Annunciators and Alarms. By K. H. 
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Governor. ByJ.P. Lkik. j 


. S. & F. N. 8P0N, Ltd., S7 Haymarket, London 
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The Atmosphere : it's characteristics anJ d)maniics. 

By F. J. B. CoRDEiRO. With 35 illus. 129 pp. 
medium 8vo. (Nm York, 1910) . tut 10 

Theory and Practice of Model Aeroplaning. By 

V. E. Johnson. 61 illus. 150 pp. crown Rvo. 

{1910) . tut 3 

The Gyroscope, An Experimental Study. By 

V. E Johnson. 34 illus. 40 pp. crown 8vo, limp. 

(S. & C. Series, No. 22.) {1911) ... tut i 

How to Build a 20 -it. Bi-plane Glider. B)^ 

A. P. Morgan. 31 illus. 60 pp. crowm 8vo, limp. 

(S. & C. Series, No. 14.) (New York, 1909) tut i 

Flight-Velocity. By A. Samuelson. 4 plates, 42 

pp. 8VO, sewed. ( 190 e) lut 2 

. Resistance of Air and the Question of Plying. 

By A. Samuelson. 23 illus. 36 pp. 8vo, sewed. 
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AGRICULTURE. 

Hemp.- A Practical Treatise on the Culture for 
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crown 8vo. (New York, 1900) tut 2 

The Fertilisation of Tea. By G. A. Cowie. With 

17 illus. 68 pp. crown 8vo, sewed. (1908) net 2 

Farm Drainage. By H. F. French, ioo illus. 284 

pp. crown 8vo. (New York, 1904)... "... net 4 

Spices and How to Know Them. By W. M. 

Gibbs. With 47 plates, including 14 in colours, 
I79PP, 8vo. (New York, 1909) ... ... net y 

Talks on Manures. By I. Harris. New edition, 

1' 366 pp. crown 8vo. (New York, 1893 ) ... net & 

CoS^ its Culture and Commerce in all Countries. 

^ * By C. G. W. Lock. 11 plates, 274 pp. crown 8yo. 

-^ 11888 ) > ... . »2 

4'Handbook for Planters and Refiners. 

' By tlfe latej. A. R. Newlands and B. E. R. 

'■ Newlands. 236 illus. 876pp. deray 8vo. ( 1909 ) wt 
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Hops, their Cultivlitlon^ Commerce and Uses. By 

P. Lj. SiMMONDS. 143 pp. crown 8vo. { 1877 ),... 4<- 
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The Future of Cocoa-Planting. By H. Hamel 
Smith. With illustrations, 95 pp. crown 8vo, 
sewed. { 1908 ) . iiet i 

Notes on Soil and Plant Sanitation on Cocoa 
and Rubber Estates. By H. H. Smith. 108 
illifttra*'ions, 632 pp. crown 8vo. { 1911 ) tut 10 

Estate Fences, their Choice, Construction and 
Cost. By A. Vernon. Re-issue, 150 illus. 

420 pp. 8vo. { 1909 ) net 8 

ARCHITECTURE AND BUILDING. 

The Hydropathic Establishment and its Baths. 

By R. 0 . Allsop. 8 plates, 107 pp. demy 8vo. 

m) .. 5 

The Turkish Bath, its Design and Construction. 

By R. 0 . Allsop. 27 illus. 152 pp. demy Svo. 

{ 1890 ) . 6 

Public Abattoirs, their Planning, Design and Equip¬ 
ment. By R. S. Avung. 33 plates, 100 pp. 
demy 4to. { 1908 ) . net 8 

The Builder’s Clerk. By T. Bales. Second 
edition, 92 pp. fcap. 8vo. { 1904 )’ . i 

Glossary of Technical Terms used in Architec¬ 
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136 pp. crown 8vo. ^ 89 S) 3 

Chimney Desi^ and Theory. By W. W. 

Christie. Second edition, 54 illus. 200 pp. 
crown 8vo, {New York, 1902 ) net la 

^projfimate Estimatea By T. E. Coleman. 

Third edition, 481 pp. oblong 32mo, leather, 
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ItaUe Sanitation and Construction. By.T. £. 
C 0 L 8 MAN. , 183 illus. 226 pp. cfown 8vo. 
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Bricklaying System. By F. B. Gilbreth. Fully , 
illustrated, 321 pp. Hvo. {New Yor'k, J009) net 12 

Field System. By F. B. Giluretii. 194 pp. lamo. 

leather. {New York, NH) 8 ) . net 12 

The Building Trades Pocket Book. Compiled 
by K. Hall. i2mo. With interchangeable diary. 

net 1 

The Clerk of Works’ Vade Mecum. By G. G.: 

Hoskins. Seventh edition, 52 pp. fcap. 8vo. {WOl) i 

Paint and Colour Mixing. By A. S. Jennings. 

Fourth edition, 14 coloured plates, 190 pp. 8vo. 

{1910) . net 5 

A Handbook of Formuls, Tables, and Memo¬ 
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engaged in Building. By]. T. Hurst. Fifteenth 
edition, 512 pp. royal 32mo, roan. {190,^ net 5 

Quantity Surveying, for the use of Surveyors, 
Architects, Engineers, and Builders. By J. 
Leaning. Fifth edition, 936 pp. demy 8vo. 

{ 1904 ) . net I 5 

Obstruction to Light A Graphic Method of 
determining Problems of Ancient Lights. By 
H. B. Molesworth. 9 folding plates, 4to. {lOOH) 

net 6 

Suburban Houses. A series of practical plans. 

By J. H. Pearson. 46 plates and 12 pp. text, 
crown 4to. { 1905 ) . 7 

Solid Bitumens, their Physical and Chemical 
Properties and Chemical Analysis. By S. F. 
Peckham. 23 Jllus. 324 pp. 8vo. {New York, 

1909 ) . ’1 I 

Roman Architecture, Sculpture and Ornament 

By G. B. Piranesi. 200 plates, reproduced in 
facsimile from the original. 2 vols. Imperial folio, 
in wrappers.^ { 1900 ) • . net 2 t 



K. « t. SPON, LlMITlD. 


The Seven Perbds of English Architecture, 

defiped and illustrated. By E. Sharpe. Third 
edition, 20 steel plates, royal 8vo. (iSSS) '.... 12 . 

Our Factories, Workshops and Warehouses, 

their Sanitary and Fire-Resisting Arrangements. 

By B. H. Thwaite. 183 illus. 282 pp. crown 8vo. 

(m^) . 9 

Elemontajy Principles of Carpentry. By T. 

Tredgold and J. T. Hurst. Eleventh edition, 

48 plates, 517 pp. croyrn 8vo. ( l !> 04 ) . 

Practical Stair Building and Handrailing, By 

W. H. Wood. 32 plates, gi pp. crown 4to. 

{im) . 10 

Spons’ Architects' and Builders’ Pocket Price- 
Book, Memoranda, Tables and Prices. Edited 
by Clyde Young. Revised by Stanford M. 
Brooks. i6mo, leather cloth (size 6^ in. by 3f in. 
by i in. thick). Issued annually in two Sections. 

Prices and Diary, in green cover, 239 pp. 
with Diary showing a week at an opening 2 

Memoranda and Tables, in red cover. Illus¬ 
trated, 372 pp. . net 2 

Heating Engineers’ Quantities. By W. L. White 
and G. M. White. 4 plates, 33 pp. folio. (1940) 
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Guns and Gun Making Material. By G. Ede. 

Crown 8 vo. (1S89) . 6 

Treatise on Application of Wire to Construction 
of Ordnance. By J. A. LoIigridge. 180 pp. 8 vo. 

(im) . *. I 5 

The Progress of Artillery; Naval Guns. By J. A. 

Longridge. 8vo, sewed. (1S96)... ' . 2 

. The Field Gun of the Future. By J. A.. Long¬ 
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Strains in Ironwork. By Henry Adams, Fourth 

edition, 8 plates, 65 pp. crown 8vo. {lOOji) ... 5 

The Practical Designing of Structural Ironwork. 

By Henry Adams. 13 plates, 194 pp. 8vo. ■ 8 

Designing Ironwork. By Henry Adams. Second 
series. 8vo, sewed. ^ 

Part I. A Steel Box Girder. ( 1 SU 4 ) net o 

„ H. Built-up Steel Stanchions. (I!t 01 )iiet 1 

„ HI. Cisterns and Tanks. ( 1903 ) net t 
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A Practical Treatise on Segmental and Elliptical 
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Second edition, 17 plates, 125 pp. royal 8vo. 

( 1906 ) . . net i i 

Economics of Construction in relation to Framed 
Structures. By R. H. Bow. Third thousand, 

16 plates, 88 pp. 8vo. ( 187 S) . 5 

Theor3f; of Voussoir Arches. By Prof. W. Cain. 

Third edition, 201 pp. i8mo, boards. (New York, 

1905 ) . net 2 

New Formuis for the Loads and Deflections of 

Solid Beams and Girders. By W. Donaldson. 
Second edition, 8 vo. ( 1873 ) . 4 

Plate Girder Railway Bridges, By M. Fitz- 
MAURicE. 4 plates, 104 pp. 8vo. ( 1895 ) . 6 

Pocket Book of Calculations in Stresses. By 
E. M. George. 66 illus. 140 pp. royal 32mo, half 
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Strains on Braceti Iron Arches and Arched Iron 
• Bridges. By A. S. Heaford. 39 pp. 8 vo, ( 1888 ) 6 

Tables for Roof Framing. By G. D, Inskip. 

Second edition, 451 pp. 8vo, leather. (New York, 

1905 ) .‘ . 
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dead jnd live’loads, by simple Multiplication, 
etc.* By F. R. Johnson. 28 'plates, 215 pp. 
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A Graj>hical Method for Swing Bridges. By 
B. F. La Rue. 4 plates, 104 pp. i8mo, boards. 
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A New Method of Graphic Statics applied in the 
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[ 1909 ) . 5 

The Barometrical Determination of Heights. 

By F. ]. B. CoRiiEiRO. Crown 8 vo, limp leather. 

[New York, 1898 ) ... ... . ’let 4 

On Curved Masonry Dams. By W. B. Coventry. 

8vo, sewed. [ 1894 ) . 2 

A Practical Method of Determining the Profile 
of a Masonry Dam. By W. B. Coventry. 

8 vo, sewed. ( 1894 ) . * 

The Stresses on Masonry Dams (oblique sections). 

By W. B. Coventry. 8 vo, sewed. ( 1894 ) 2 

Tables for facilitating the Calculation of Earth¬ 
works. By D. Cunningham. 120 pp. royal 8 vo 10 

Handbook of Cost Data for Contractors and 
Engineers. By H. P. Gillette. 1854 pp. 
crown 8vo, leather, gilt edges. [New York, 1910 ) net 1 i 

«k Excavation, Methods and Cost. By H. P. 

Gillette. 56 illus. 376 pp. crown 8vo. (New York, 

1904 ) . , ... net 12 

High Masoniy Dams. By E. S. Gould. With 

illus. 88 pp. i8mo, hoards. [New York,^ 1897 ) net 2 

Grace’s Tables for Curves, with hints to young 
engineers. 8 figures, 43 pp. oblong 8vo. ‘[ 1908 ) 

net 5 
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Grace’s'Earthwork Tables. 36 double-page tables, . 
4 to. {1907) . »«< 

Railway Tunnelling in Heavy Ground. By C. 

, Gripper. 3 plates, 66 pp. royal 8vo. (1879) ... 

Levelling and its General Application. By T. 

Holloway. Second edition, 53 illus. 147 pp. 8vo. 

• (1896) . 

Waterways and Water Transport in different 
Countries. By J. S. Jeans.' 55 illus. 520 pp. 8 vo. 
(1890) . tut 

Table of Barometrical Heights to 20,000 Feet.' 

By W. H. Mackesy, with some practical sugges¬ 
tions by Sir Guildford Molesworth. i plate, 24 
pp. royal 32010 . (1882) . 

Aid Book to Engineering Enterprise. By E. 

Matheson. Third edition, illustrated, gi6 pp. 
medium 8 vo, buckram. (1898) . 

A Treatise on Surveying. By R E. Middleton 
and 0. Chadwick. Second edition, royal 8 vo. 
Part I. 1 1 plates, 296 pp. (1901f) 

„ II. Fully illustrated, 334 pp. (1906) 

A Pocket Book of Useful Formula and Memo¬ 
randa, for Civil and Mechanical Engineers. By 
Sir G. L. Molesworth and H. B. Molesworth. 
With an Electrical Supplement by W. H. Moles¬ 
worth. Twenty-sixth edition, 760 illus. 901 pp. 
royal 32 mo, French morocco, gilt edges. (1908) tut 

The Pocket Books of Sir G. L. Molesworth and 
J. T. Hurst, printed on India paper and bound 
in one voL Royal 32 mo, rassia, gilt edges tut 

Metallic Structures: Corrosion and Fouling and 
their Preventjion. By J. Newman. Illustrated, 
385 pp. crown 8 vo. (1896) . 

Scamping Tricks and Odd Knowledge occasion¬ 
ally practised upon Public Works. By J. New¬ 
man. ■ New,impression, 129 pp. crown 8 vo. (1908) 
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Earthwork Slips, and Subsidences on Public 
Worjca By J. Newman. 240 pp. crown 8vo. 

... 7 

Co-ordinate Geometry as applied to Land Survey¬ 
ing; By W. PiLKiNGTON. 5 ilhis. 44 pp. i2mo. 

( 790 . 9 ). net i 

Diagrams for the Graphic Calculation of Earth¬ 
work Quantities. By A. H. Roberts. Ten 
car&s, fcap. in cloth case . net 10 

Pioneering. By F. Sheiford, illustrated. 88 pp. 

crown 8vo. ( 790 , 9 ). net 3 

Topographical Surveying. By G. J. Specht. 
Second edition, 2 plates and 28 illus. 210 pp. i8rao, 
boards. (New York, ISOS) . lut 2 

Spons’ Dictionary of Engineering, Civil, Mechani¬ 
cal, Military and Naval. 10,000 illus. 4300 pp. 
super royal 8vo. ( 187 J/, Supplement issued in 1881 ). 
Complete with Supplement, in 11 divisions net 3 10 
Ditto ditto in 4 vols. . net 3 3 

Surveying and Levelling Instruments. By W. F. 

Stanley. Third edition, 372 illus. 362 pp. crown 
8vo. ( 7 . 907 ). 7 

Surveyor’s Handbook. By T. U. Taylor. 116 
illus. 310 pp. crown 8vo, leather, gilt edges. 

(New York, 1908 ) net 8 

Logarithmic Land Measurement. By J. Wallace. 

32 pp. royal 8vo. ( 1910 ) . ... net 5 

Hints on Levelling Operations. By W. H. 

Wells. Second edition, 8 vo, sewed. ( 1890 ) ... 1 

The Drain^e of Fens and Low Lands by 

Gravitation and Steam Power. By W. H. 
Wheeler. 8 plates, 175 pp. 8vo. ( 1888 ) ... 12 

Stadia Surve^ng, the theory of Stadia,Measure- 
mefits. By A. Winslow. Fifth edition, r48 pp. 
i8mo, boards. (Nerv York, 190 S) . net 2 

Handbook on Tacheometrical Surveying. By 

C. Xydis. 55 illus. 3 plates, 63 pp. 8vo. .( 1909 ) 

• net 
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DICTIONARrES. 

Technological Dictionary in the English, Spanish, 
Geitnan and French Languages. By D. 

Carlos Huklin Y Arssu. Crown 8vo. 

Vol. I. English-Spanish-German-French. 

609 pp. (1906) . ^ tui 

Vol. II. German - English - French-Spani'sh. 

720 pp. (J9(fS) net 

Vol. III. Frhnch-Gekman-Spanish-Engi.ish. 

In preparation. ^ 

Vol. IV. Spanish-French-English-Gekman. 

750 pp. (1910) net 

Dictionary of English and Spanish Technical 
and Commercial Terms. By W. Jackson. 
164 pp. fcap. 8vo. (1911) ... ... ... net 

English-French and French-English Dictionary 
of the Motor-Car, Cycle and Boat. By !■. 

Lucas. 171 pp. crown 8vo. ( 1906 ) ... net 

Spanish-English Dictionary of Mining Terms. 

By F. Lucas. 78 pp. 8vo. ( 1906 ) ... net 

English-Russian and Russian-English Engineer- 
■ ing Dictionary. By L. Meycliar. ioo pp. 

i6mo. ( 1909 ) . net 

Reed’s Polyglot Guide to the Marine Engine, in 

English, French, German and Norsk. Second 
edition, oblong 8vo. ( 1900 ) . net 


DOMESTIC ECONOMY. 

Food Adulteration and its Detection. By J. P. 

Battershall. 12 plates, 328 pp. demy 8vo. 
(New York, 188^') . 

How to Check Electricity Bills. By S. W. 

. Borden. 41 illus. 54 pj). crown 8vo. (New York, 
1907) . na 

Practical Hints on Taking a House. By H. P. 
Boulnois. 71 pp. i 8 nib. (1886) . ' ... 
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The Cooking Range, its Failings and Remedies. 

ByF. t)YK. 52 pp.*fcaj). 8\'o, sewed. ( 1888 ) ... b 

Spiceff and How to Know Them. By W. M. 

Ginns. With 47 plates, including 14 in colours, 

179 pp. 8vo. (New Yorh, I'.tOO) . net 15 

The Kitchen Boiler and Water Pipes. By H. 

GkiMSHAw. Kvo, sewed. ( 1887 ) . net i 

Cookery and Domestic Management, including 
ecououtic and middle class Practical Cookery. 

By K. Mellish. 56 coloured plates and 441 
illus. 987 pp. super-royal 8vo. ( 1901 ) ... net 16 

Spons’ Household Manual. 250 illus. 1043 pp. 

demy 8vo. ( 190 ‘^) . 7 

Ditto ditto half-bound French 

morocco . 9 

Handbook of Sanitary Information for House¬ 
holders. By R. S. Tracy. 33 illus. 114 pp. 
i8mo. (New York, 1900 ) . 2 


DRAWING. 

The Ornamental Penman’s, Engraver’s and Sign 
Writer’s Pocket Book of Alphabets. By B. 

Alexander. Oblong 121110, sewed . o 

The Draughtsman’s Handbook of Plan and Map 
Drawing. By G. G. Andre. 87 illus. and 34 
plain and coloured plates, 162 pp. crown 4to. ( 1891 ) 9 

Slide Valve Diagrams: a French Method for their 
Construction. By L. Bankson. i8mo, boards. 

(New York, 1 S 9 Z) . net a 

A System of Easy Lettering. By J. H. Cromwell. 

With Supplement by G. Martin. Sixth thou¬ 
sand, oblong 8vo. (New York, 1900 ) ... net 2 

Key to the Theory and Methods of Linear Per¬ 
spective. By C. W. Dymond, F.S.A. 6 plates, 

32 pp. crown 8vo, limp. (S. & C. Seribs, No. 20.) 

( 1910 ) . net 1 

Plane Geometrical Drawing. By R. C. Fawdrv. 

Illustrated, 185 pp. crown 8vo. ( 1901 ) ... net 3 

Twelve Plates on Projection Drawing. -By O. 

Gueth. Oblong 4to. (New Ytirk, 190 i )... . net 3 
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Hints on Architectural Draughtsmanship. By 

G. W. T. Hallatt. Fourth eSition, 8o pp. 
i8mo. '( 190 S) tiet 

A-First Course of Mechanical Drawing (Tracing). 
By G. Halliday. Oblong 4to, sewed . 

A Text-Book of Graphic Statics. By C. \V. 

Malcolm. 155 illus. 31C pp. 8vo. (Ncki York, 
1909 ) . "tt 

Drawings for Medium-sized Repetition Work. 

By R. D, Spinney. With'47 illus. 130 pp. 8vo. 
( 1909 ) . net 

Mathematical Drawing Instruments. By W. F. 

Stanley. Seventh edition, 265 illus. 370 pp. 
crown 8vo. ( 1900 ) . 


ELECTRICAL ERCIREERING. 

Practical Electric Bell Fitting. By F. C. Allsop. 
Tenth edition, 186 illus. including 8 folding plates, 
185 pp. crown 8vo. ( 1903 ) . 

Telephones : their Construction and Fitting. By 
F. C. Allsop. Eighth edition, 184 illus. 222 pp. 
crown 8vo. ( 1909 ) . wt 

Thermo-electric Reactions and Currents between 
Metals in Fused Salts. By T. Andrews. 8vo, 
sewed. ( 1896 ) . 

Auto-Transformer Design. By A. H. Avery. 
25 illus. 60 pp. 8vo. ( 1909 ) . net 

Principles of Electric Power (Continuous Current) 
for Mechanical Engineers. By A. H. Bate. 
63 illus. 204 pp. crown 8vo. ( 1906 ) (Finsbury 
Technical Manual) . net 

Practical Construfction of Electric Tramways. 

By William R. Bowker. 03 illus. no pp. 8vo. 

p -(im) . "... net 

Design and Construction of Induction Coils. 
By a. F. Collins. 135 illu.s. 272 pp. demy 8vo. 
(New York, 1909 ) ... ‘. net 
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Switchboard Meaenring Instruments for Con¬ 
tinuous and Polyflhase Currents. By J. C. 
CoMNAN. 117 illus. 150 pp. 8vo, cloth. ( 7 , 905 ) ftet 5 

Electric Cables, their Construction and Cost. 

By D. Coyle and F. J. O. Howe. With many 
diagrams and 216 tables, 466 pp. crown 8vo, 

leather. ( 7 . 909 ) mi 15 

iJanagement of Electrical Machineiy. By F. B. 
CRdcKPR and S. S. Wheei.kk. Eighth edition, 
iji illus. 223 pp. crown 8vo. (New York, 1909 ) 

net 4 

Electric Lighting: A Practical Exposition of the 
Art. By F. B. Crocker. Royal 8vo. [New York.) 

Vol. I. The Generating Plant. Sixth 

edition, 213 illus. 470 pp. ( 7 . 904 ) net 12 

Vol. II. Distributing Systems and 

Lamps. Second edition, 391 illus. 

505 pp. ( 7 . 905 ) net 12 

The Care and Management of Ignition Ac¬ 
cumulators. .By H. H. U. Cross. 12 illus. 74 
pp. crown 8vo, limp. (S. & C. Series, No. ig.) 

( 7970 ). Hrf I 

Elements of Telephony. By A. Crotch. 51 illus. 

90 pp. crown 8vo. limp. (,S. & C. Series, No. 21.) 

( 7 . 977 ). 1 

Elementary Telegraphy and Telephony. By 
Arthur Crotch. 238 illus. 223 pp. 8vo. ( 7 , 905 .) 
(Finsbury Technical Manual). net 4 

Electricity and Mametism in Telephone Main¬ 
tenance. By G.W. Cummings. 45 illus. 137pp. 

8vo. [New York, 1908 ) net 6 

rFOuping of Electric Cells. By W. F. Dunton. 

4 illus. 50 pp. fcap. 8vo. ( 7 . 905 ). net i 

Vireless Telegraphy for Intending Operators. 

By C. K. P. Eden. 20 illus. 80 pp. crown 8vo. 
limp.- (S. & C. Series, No. 24,) [ 1911 \ net i 

Sachets and Electric Currents. By Prof. J. A. 
Fleming. Second edition, 136 illuSj 417 pp. 

crown 8vo [ 1903 ) . •. net 

lotes on Design of Small Dynamo. By George 
Halliday. Second edition, 8 plates, 8vo. [1895) 
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Practical Alternating Currents and Power 
Transmission. By N. Hakrisqn. ’172 illui-, 
375 PP..erowti 8vo. {New York, IHOH) ... net 

Making Wireless Outfits. By N. Harrison. 27 
illus. 61 pp. crown 8vo, limp. (S. & C. Sf.ries, 
No. II.) (New York, IHOU) . net 

Wireless Telephone Construction. By N. Harri¬ 
son. 43 illus. 73 pp. crown Hvo, limp. (S. & .C. 
Series, No. 12.) (New Y»k, 1909 ) ... wet 

The Phoenix Fire Office Rules for Electric Light 
and Electrical Power Installations. By S. G. 
Castle-Russell. Thirty-ninth edition, 8vo, 
sewed. { 1911 ) ... wet 

Testing Telegraph Cables. By Colonel V. Hos- 
KKER. Third edition, crown 8vo. ( 18 S 9 ) 

Long Distance Electric Power Transmission. 

By R. W. Hutchinson. 136 illus. 345 pp. crown 
8vo. (New York, 1907 ) .%. net 

Theoir and Practice of Electric Wiring. By 

VV. S. Ibbetson. 119 illus. 366 pp. crown 8vo. 
( 1909 ) . net 

Practical Electrical Engineering for Elementary 
Students. By W. S. Ibbetson. With 61 illus. 
155 pp. crown 8vo. ( 1910 ) . wet 

General Rules recommended for Wiring for the 

Supply of Electrical Energy. Issued by The 
Institution of Electrical Engineers. 8vo, 
sewed. (Revised, April 1907 ) . net 

Form of Model General Conditions recom¬ 
mended by The Institution of Electrical 
Engineers for use in connection with Electrical 

Contracts. 8vp, sewed. ( 1906 ) . net. 

Telegraphy for Beginners. By W. H. Jones. 19 * 
'• illus. 58 pp. crown 8vo. (New York, 1910 ) wet 

A Handbook of Electrical Testing. By H. R. 

Kemfe. Seventh edition, 285 illus. 706 pp. demy 
8vo. ( 1908 ) .• . net 
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Application of Elfctricitjr to Railway Working. ' 

By yVi E. Langdom. 142 illus. and 5 plates, 

■ 343 PP- 8 VO. ( 18 ^)... , . ... 10 

How to Become a Competent Motorman. By 

V. B. Livkrmoke and J. Williams. 45 illus. 

252 pp. i2mo. {New York, 190 S) . net 4 

Electromagnets, their design and construction. By 
. A. JJ. Kansfielu. 36 illus. 155 pp. 181110, boards. 

{New Ylrk, 1001 ) net 2 

Telephone Construction, Methods and Cost. 

By C. Mayer. With Apjiendices on the cost of 
niateiYals and labour by J. C. Slifpv. 103 illus. 

204 pp. crown Hvo. {Nero York, 1008 ) ... net 12 

Wiring Houses for the Electric Light. By N. H. 

.Schneider. 40 illus. 85 pp. crown Hvo, limp. 

(S. & C. Series, No. 25.J (New York, 1011 ) mt i 

Induction Coils. By N. H. Schneider. Second 
edition, 79 illus. 285 pp. crown 8vo. {New York, 

1001 ) . net 4 

Electric Gas Lighting. By N. H. Schneider. 

57 illiLs. 101 pp. i2nio. (S. & C. Series, No. 8.) 

(New York, 1001 ) lut 2 

How to Install Electric Bells, Annunciators and 
Alarms. By N. H. Schneider. 59 illus. 63 pp. 
crown 8vo, limp. (S. & C. Series, No. 2.) {New 
York, 1906 ) net 1 

Modem Primary Batteries, their construction, use 
and maintenance. By N. H. Schneider. 54 
illus. 94 pp. crown 8vo, limp. (S. & C. Series, 

No. I.) {New York, 1905 ) . net i 

Practical Engineers’ Handbook on the Care 
and Management of Electric Power Plants. 

By N. H. Schneider. 203 illus. 274 pp. crown 
8vo. . (New York, 1906 ) . ^... net 5 

Electrical Circuits and Diagrams, illustrated and 
explained. By ^N. H. Schneider. 8vo, limp. 

(S. & C. Series,’Nos. 3 and 4.) {New York) 

Part 1. 217 illus. 72 pp. { 1905 ) ... . net 

Part 2. 73 pp. ( 1909 ) ... •. net 
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Electrical Instruments and Testing. , By N. H. 

Schneider. Third edition. 133'- ulus. 239 itp.. 
crown'Svo. {New York, 1907 ) net , 4 '6 

fexperimenting with Induction Coils. By N. H. ' 

Schneider. 26 illus. 73 pp. crown Svo, limp. 

(S. & C. Series, No. 5.) {New York, 1900 ) net 1 6 

Stu(ty of Electricity for Beginners. By N/’I. 

Schneider. . 54 illus. 88 pp. crown Svo, limp. 

(S. & C. Series, No. 6.) {New York, 1 !I 05 ) net i 6 

Practical Electrics: a Universal Handybook oh 
Every Day Electrical Matters. Seventh edition, 

126 illus. 135 pp. Svo. (S. & C. Series, No. 13.) 

{New fork, lUOtl) . tiet i 6 

The Voltaic Accumulator: an elementary treatise. 

By E. Reynier. Translated from the French by 

J. A. Berly. 62 illus. 202 pp. Svo . 9 o 

Dry Batteries: how to Make and Use them. By a 
Dry Battery Expert. With additional notes 
by N. H. Schneider. 30 illus. 59 pp. crown Svo, 
sewed. (S. & C. Series, No. 7.) (New York, 

1906 ) . net i 6 

The Diseases of Electrical Machinery. By 

E. Schulz. Edited, with a Preface, by Prof. 

S. P. Thompson. 42 illus. 84 pp. crown Svo net 2 0 

Electricity Simplified. By ' 1 '. O. Sloane. Tenth 
edition, 29 illus. 158 pp. crown 8vo. {New York, 

1901 ) . net 4 6< 

How to become a Successful Electrician. By 

T. 0 . Sloane; Third edition, illustrated, crown „ 

■ Svo. (New York, 1899 ) ... net 4, 6 

Electtjcity: its Theory, Sources and Applications. 

By 'J. T.-Sprague. Third edition, 109 illus. 

658 pp. crown Svo (1892) net ' 7 S 
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Telegraphic Connections. By C. Thom and 

, W. H.'Jones. 20 plates, 59 pp. oblong 8vo. (New 
York, ISOa) ... • ... '.. iki 

Rontgen Rays and Phenomena of the Anode and 
Cathode. By E. P. Thompson and W. A. 
Anthony. 105 illns. 204 pp. 8vo. {New York, 
1806) . net 

* •' 

Dynamo Electric Machinery. By Piof. S. P. 
Thompson. Seventh edition, demy 8vo. (ITns- 
HURY Technical Manual.) 

\'ol. I. Continuous-Current Machinery. 

With 4 coloured and 30 folding 
plates, 573 illns. 984 pp. { 1004 ) net 

Vol, 11 . Alternating Current Machinery. 

15 coloured and 24 folding plates, 
546 illns. yoo pp. {lOOS) net 

Design of Dynamos (Continnons Currents). By 
Prof. S. P. Thompson. 4 colonied and 8 folding 
plates, 243 pp. demy 8vo. {1008 )... ... net 

Schedule for Dynamo Design, issued with the 
above. 6 d. each, 4 s. per doz., or i8s. per 100 net 

Curves of Magnetic Data for Various Materials. 

A reprint on transparent paper for office use of 
Plate L from Dynamo Electric Machinery, and 
measuring 25 in. by 16 in. net 

The Electromagnet. By C. R. Unuerhill. 67 
illus. 159 pp. crown 8vo. {New York, 190S) net 

Practical Guide to the Testing of Insulated 
Wires and Cables. By H. L. Weijb. Fifth 
edition, 38 illus. 118 pp. crown 8vo. [New York, 
im) . net 
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FOREIGN EXCHANGE, 

<• 

English Prices with Russian Equivalents (at ' 

Fourteen Rates of Exchange). English prices 
per lb., with equivalents in roubles an<l kopecks • 
per pood. By A. Adiassewich. 1S2 pp. fcap. 

32mo, roan. 'aet ' i 

English Prices with German Equivalents (at 

Seven Rates of Exchange). English prices per 
lb., with equivalents in marks per kilogrammu 
By St, Koczorowski. 95 pp. fcap. 321110, roan. 

(1909) . net i 

English Prices with Spanish Equivalents. At 

Seven Rates of Exchange. English prices per 
lb., with equivalents in pesetas jier kilogramme. 

By S. Lambert. 95 pp. 321110, roan. (1910) net i 

English Prices with French Equivalents (at 

Seven Rates of Exchange). English prices per 
lb. to francs per kilogramme. By H. P. 
McCartnev. 97 pp. 32010, roan. (1907) net i 

Principles of Foreign Exchange. By E. Mathe- 
SON. Fourth edition, 54 pp. 8vo, sewed. (1906) 

net b 


GAS AND OIL ENGINES. 

The Theory of the Gas Engine. By D. Clerk, 

Edited by F. E. Idell. Third edition, 19 illus. 

180 pp. i8rao, boards. (New York, 1903) ... net 2 

The Design and Construction of Oil Engines.’. 

By A. H. Goldingham. Third edition, 112 
illus. 260 pp. Clown 8vo. (New York, 1910) net 10 

Gas Engine in Principle and Practice. By A. H. 
Goldingham. 107 illus. 195 pp. 8vo, cloth. 

York, 1907) . 6 
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Practical Hand-Book on the Care and Manage- 
. menfof Gas Engines. By G. Lieckfeld. 
Third edition, square i6mo. {New York, 1 S 96 ) 

Elements of Gas Engine Design. By S. A. Moss. 
197 pp. i8rao, boards. (New York, 1907 ).., net 

Gas and Petroleum Engines. A Manual for Stu¬ 
dents and Engineers. (Finsbury Technical 
M/kNi'M..) By Prof. W. Robinson. Third edition 
in preparation 


GAS LIGHTING. 

t 

Gas Analyst’s Manual (incorporating Hartley’s 
" Gas Analyst’s Manual ” and “ Gas Measure¬ 
ment”). By J. Abady. 102 illustrations, 576 

pp. demy 8vo. ( 1002 ) . net 

Gas Works ; their .\rrangement. Construction, Plant 
and Machinery. By F. Colvhr. 31 folding 
plates, 134 pp. 8vo. (ISS^) . net 

Transactions of the Institution of Gas En¬ 
gineers. Edited tiy 'Walter T. Y)v.nTa,Secretary. 
Published annually. 8vo ... ... ... net 

Lighting by Acetylene. By F. Dye. 75 illus. 
200 pp. crown 8vo. ( 1002 ) . net 

A Comparison of the English and French 
Methods of Ascertaining the Illuminating 
Power of Coal Gas. By A. J. Van Eijnd- 
HOVEN. Illustrated, crown 8vo. ( 1897 ) . 

Gas Lighting and Gas Fitting. By W. P. Gerhard. 
Second edition, 190 pp. i8mo, boards. (New York, 

1894 ) . 

A Treatise on the Comparative Commercial 
Values of Gas Coals and Cannels. By D. A. 
Graham. 3 plates, ioo pp. 8vo. ( 1882 ) 

The Gds Engineer’s Laboratory Handbook. By 

J.TIornbv. Third edition, revised, 70 illus. 330 

pp. crown 8vo, ( 1911 ) .^ ... net 

Text Book of Gas Manufacture for* Students. 
By J. Hornby. Sixth edition, 140 illus. 423 pp. 
8vo. ( 1911 ) .• . 
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HISTORICAL AND BIGGRAPHICAL 
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Extracts from the Private Letters of the late 
‘ Sir William Fothergill Cooke, 1836-9, relating ■ 
to the Invention and Development of the Electric 
Telegraph; also a Memoir by Latimkr Clark. 
Editedhy F. H.Wrbl!. Sec. Inst.E.lf. 8vo. ( 1 S 95 ) 3 

A Chronology of Inland Navigation in Gre^ 

Britain. By H. R. Di; Sai.is. Crown 8vo. ( 1897 ). 4 

A History of Electric Teleifraphy to the year . 
1837. ByJ.J. Fahik. 35 illus. 542 pp. crown 8vo.' 

( 1889 ) . 2 

History and Development of Steam Locomotion 
on Common Roads. By W. Fletckkr. 109 
illus. 288 pp. 8vo . 5 

Life as an Engineer: its Lights, Shades, and 
Prospects. By J. W. C. IIaldani;. 23 plates, 

338 pp. crown 8vo. ( 1905 ) . net j 

Philipp Reis, Inventor of the Telephone: a Bio¬ 
graphical Sketch. B)' Prof. S. P. Thompson. 

8vo, cloth. ( 1883 ) . 7 

The Development of the Mercurial Air Pump. 

By Prof. S. P. Thompson. Illustrated, royal 8vo, 
sewed. ( 1888 ) i 


HOROLOGY. 

Watch and Clock Maker’s Handbook, Dic¬ 
tionary and Guide. By F. J. Britten. Tenth 
edition, 450 illus. 492 pp. crown 8vo. ( 1902 ) net 5 

The Springing and A^usting of Watches. By 

F. J. Britten.' 75 illus. 152 pp. crown 8vo. 

( 1898 ) . 3 

Pri?e Essay on the Balance Spring and its Iso¬ 
chronal Adjvtstments. By M. Immisch. 7 illus. 

50 pp. crown 8vo. ( 1872 ) . 
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tiYDRABLICS AND HYDRAULIC 
•MACHINERY. 

{Sie also Water Supply.) 

Pumps: Historically, Theoretically and Practically 
Considered. By P, R. B]6rling. Second edition, 

I5^illu5. 234 pp. crown 8vo. { 189 f)) . 

Pump D^ails. By P. R. BjOrling. 278 illus. 

211 pp. crown 8vo. (iSOSi) . 

Pumps and Pump Motors : A Manual for the use 
of P^draulic Engineers. By P. R. Bjorling. 
Tw'o vpls. 261 plates, 369 pp. royal 4to. ( 1895 ) 

nit 

Practical Handbook on Pump Construction. 

By P. R. BjOri.ing. Second edition, 9 plates, 
90 pp. crown 8vo. (I 90 jf) ... . 

Water or Hydraulic Motors. By P. R. BjOrling. 
206 illus. 287 pp. crown 8vo. (IW8) . 

Hydraulic Machinery, with an Introductioti to 
Hydraulics. By R. G. Blaine. Second edition 
with 307 illus. 468 pp. 8vo. (Finsuury Tfxhnical 
Manual). ( 1905 ) nit 

Practical Hydraulics. By T. Box. Fifteenth 
edition, 8 plates, 88 pp. crown 8vo. ( 1909 ) net 

The Design of Channels for Irrigation or 
Drainage. By R. B. Buckley. 56 pp. crown 8vo. 
( 1911 ) . net 

Hydraulic, Steam, and Hand Power Lifting and 
Pressing Machinery. By F. Colyer. Second 
edition, 88 plates, 211 pp. imperial 8vo. ( 18911 ) net 

Pumps and Pumping Machinery. By F. Colyer. 
Vol. I. Second edition, 53 plates, 212 pp. 8vo 

. ( 189 S) . "rf 

Vdl. II. Second edition, 48 plates, 169 ,pp. 8vo. 

( 1900 ) . nti 

Construction of Horizontal and Vertical Water¬ 
wheels. By W. Cullen. Second edition, small 
4to. ( 1871 ) .• . .- 
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Donaldson’s Poncelet Turbine and Water Pres¬ 
sure Engine and Pump. By W. DonaldsoA. , 

• 4to. ( ms ) . 

Principles of Construction and Efficiency of 
Waterwheels. By W. Donaloson. 13 illus. 

94 pp. tivo. { 1870 ) . 

Practical Hydrostatics and Hydrostatic Formulae. 

By E. S. Gould. 27 illus. 114 pp. i8mo, boar^. 
{Niw York, J 90 S) . nit 

Hydraulic and other Tables for purposes of 
Sewerage and Water Supply. By T. Hennell.* 
Third edition, 70 pp. crown 8vo. { 190 S) tut 

Tables for Calculating the Discharge of Water 

in Pipes for Water and Power Supplies. In¬ 
dexed at side for ready reference. By A. E. Silk. 

63 pp. crown 8vo. { 1899 ) . 

Simple Hydraulic Formulae. By T. W. Stone. 

9 plates, 98 pp. crown 8vo. { 1881 ) . 


INDUSTRIAL CHEMISTRY AND 
MANUFACTURES. 

Perfumes and their Preparation. By G. 

Askinson. Translated from the Third German 
Edition by I. Fuest. Third edition, 32 illus. 
312 pp. 8vo. {New York, 1907 ) . net 

Brewing Calculations, Gauging and Tabulation. 

By C. H. Bater. 340 pp. 64mo, roan, gilt edges. « 
{ 1897 ) ... ...' . net ■ 

A Pocket Book for Chemists, Chemical Manu¬ 
facturers, Metallurgists, Dyers, Distillers, etc. 
By T. Bayley. Seventh edition, 550 pp. royal 
32iho, roan, gilt edges. ‘{ 1906 ) . net 
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Practical Receipts for tlie Manufacturer, the 
Mesb&nic, and for* Home use. By Dr. H._ R. 
Berkeley and W. M. Walker. 250 pp. demy 

8vo. {IdOS) . net 

A Treatise on the Manufacture of Soap and 
Candles, Lubricants and Glycerine. By W. L. 
Carpenter and H. Leask. Second edition, 
104 illus. 456 pp. crown 8vo. (lS 9 f>) . 

A Text Book of Paper Making. By C. F. Cross 
a'nd E. J. Bkvan. Third edition, 97 illus. 411 pp. 

crown 8vo. {VM 7 ) ..’. net 

C.B.S. standard Units and Standard Paper 
Tests. By C. F. Cross, E. J. Bevan, C. Beadle 
and R. \\'. Sindai.l. 25 pp. crown 4to. ( 190 S) 

net 

Soda Fountain Requisites. Practical Receipt 
Book for Druggists, Chemists, etc. By G. H. 
Dubelle. Third edition, 157 pp. crown 8vo. 

(New York, 1905 ) . . wrt 

Spices and How to Know Them. By W. M. 
Gibus. With 47 plates, including 14 in colours, 
176 pp. 8yo. (New York, 190'J) ... ... net 

The Chemistry of Fire and Fire Prevention. By 
H. and H. Ingle. 45 illus. 290 pp. crown 8vo. 

( 1900 ) . 

Ice-Making Machines. By M. Ledoux and others. 
Sixth edition. 190 pp. i8mo, boards. (New 

York, 1906) . net 

Brewing with Raw Grain. By T. W. Lovibond. 
75 pp. crown 8vo. ( 188 S) . 

Sugar, a Handbook for Planters and Refiners. 

By the late J. A. R. Newlands and B. E. R. 
N EWLANDS. 236 illus. 876 pp. demy 8vo. (London, 
1909 ) . net 

Principles of Leather Manufacture. By Prof. 
H,R. Procter, ioi illus. 520 pp. mtdium 8vo. 

( 1908 ) . 

Leather Industries Laboratory Handbook of 

Analytical and Experimental methods. By H. R. 
Procter. Second edition, 4 plates, 46 illus. 
450 pp. demy.8vo. ( 1908 ),..’ . net 
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Theoretical and Practical Ammonia Refrigera¬ 
tion. By I, I. Redwood. Sixth tnousandf 
. 15 ilhis. .146 pp. square i6rao._ {New Yo^k, 1909 ) net 46 

Breweries and Maltings. By G. Scammell and 
F. CoLYEK. Second edition, 20 plates, 17S pp. 

8vo. { 18 S 0 ) . net 6 o 

Factory Glazes for Ceramic Engineers. By 

H. Rum-Bellow. Folio. Series A, Leadlejs 
Sanitary Glazes. ( 1908 ) . n/t 2 2 o 

Text Book of Physical Chemistry. By C. L. 

Spf.yf.rs. 224 pp. demy 8vo. {New Yorh, 1898 ) 9 o 

Spons’ Encyclopaedia of the Industrial Arts, 

Manufactures and Commercial Products. 

1500 illus. 2100 pp. super-royai Svo. { 1882 ) 

In 2 Vols. cloth .. net 220 

Pigments, Paints and Painting. By G. Terry. 

49 illus. 392 pp. crown 8vo. { 1898 ) . 76 

Tables for the Quantitative Estimation of the 
Sugars. By E. Wf:in and W. Frew. Crown 8vo. 

{ 1896 ) . 60 

Workshop Receipts. For the use of Manu¬ 
facturers, Mechanics and Scientific Amateurs. 

New and thoroughly Revised Edition, crown 

8vo. { 1909 ) . each net 3 0 

Vol. I. Acetylene Lighting to Drying. 

223 illus. 532 pp. 

Vol. II. Dyeing to Tapanning. 2i;q illus. 

540 pp. 

Vol. III. Jointing Pipes to Pumps. 256 
illus. 528 pp. 

Vol. IV. Rainwater Separators to Wire 
Rope, Splicing. 321 illus. 

540 pp. 

Practical Handbook on the Distillation of Alco¬ 
hol from Farm Products. By F. B. Wright. 

Second edition, 60 illus. 271 pp. crown 8vo. {New 

York, 1907 ) . net 46 

The Manufacture of Chocolate and other Cacad 
Prep&f^ions, By P. Zipperer. Second edition, 

87 illus. 280 pp. royal 8v». ( 1902 ) ... net 16 0 



E. i F. N. 8P0N, LntiTTO. 


*7 


IRRIGATION. 

The Design of Channels for Irrigation and 
Drainage. By B. B. Bucki.kv. 5(1 pp. crown 
Hvy. . . net 2 o 

The Irrigation Works of India. By K. B. 

Bucklkv. Second edition, with coloured maps 

and flans. 336 pp. 4to, cloth. ( 1905 ) ... net 220 

Irrigated India. By Hon. Alfrud Deakin. With 

Map, 322 pp. Hvo. {tSOifj . 8 6 

Indian Storage Reservoirs, with Earthen Dams. 

By W. L. Strange. 14 plates and 53 illus. 379 

pp. demy Kvo. ( 190 ^) . net 110 

Irrigation Farming. By L. M. Wn.cox. Revised 
edition, 113 illus. 494 pp. crown Kvo. (New 
York) . net 8 6 

Egyptian Irrigation. By Sir w. Wii.ixocks. 

Second edition out of Print. 

A few copies of the First Edition ( 1889 ) are still to 
be had. Price 15s. net. 

The Nile Reservoir Dam at Assuan, and After. 

By Sir W. Willcocks. Second edition, 13 plates, 
super-royal 8vo. ( 1908 ) net 6 0 

The i^uAn Reservoir and Lake Moeris. By 
Sir.W. Willcocks. With text ii^ English, 

French and Arabic. 5 plates, 116 pp. super¬ 
royal 8 VO. ( 1904 ) . net 50 

The Nile in 1904. By Sir W. Willcocks. 

JO plates, 200 pp. super-royal 8vo. ( 1904 )' 90 
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LOGARITHM TABLES. 

Aldum’s Pocket Folding Mathematical Tables. 

Four-figure logarithms, and Anti-logarithms, 

Natural Sines, Tangents, Cotangents, Cosines, 

Chords and Radians for all .angles from i to go 
degrees. And Decinialiser' Table for Weights 
and Money. On folding card. Net^d. 20 copies, 
mt 6s. ' 

Tables of Seven-figure Logarithms of the Natural 
Numbers from i to 108,000. By C. B.tBBAGE. 

Stereotype edition, 8vo . 76 

Short Logarithmic and other Tables. By W. C. 

Unwin. Fourth edition, small 4to . 3 0 

Logarithmic Land Measurement. By J. Wallace. 

32 pp. royal 8vo. net 5 o 

A. B. C. Five-figure Logarithms with Tables, 
for Chemists. By C. J. Woodward. Crown 
8vo . net 2 6 

A. B. C. Five-figure Logarithms for general use, 
with lateral index for ready reference. By C. J. 
Woodward. Second edition, with cut lateral 
Index, 116 pp. i2mo, limp leather ... net 3 o 

MARINE ENGINEERING 
AND NAYAL ARCHITECTURE. 

Vlarine Propellers. By S. W. Barnaby. Finn 
edition, 5 plates, 56 illus. 185 pp. demy 8vo, 

( 1908 ) .‘ . net 10 6 

Marine EndneeFs Record Book: .Engines. 

By B. C. Bartley. 8vo, roan . net 50 
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Yachting Hints, Tables and Memoranda. By A; C.* 
Franflin. Waistfoat pocket size, 103 pp. 64mo, 

• roan, gilt edges ^ . ■ net 0 

Steamship Coefficients, Speeds and Powers. 

By C. F. A. Fyfe. 31 plates, 280 pp, fcap. 8vo, ' 
leather. ( 1007 ) . net lo 6 

Steamships and Their Machinery, from first to 
last. ,By J. W. C. Haldane. 120 illus. 532 pp. 

Svo. (tS 9 S) . 15 o 

Tables for Constructing Ships’ Lines. By 

A. ^OGG. Third edition, 3 plates, 20 pp. 8vo, 
sewed. . net 3 o 

Submarine Boats. By G. W. Hovgaard. 2 plates, 

98 pp. crown 8vo. (ISS 7 ) . 50 

Tabulated Weights of Angle, Tee, Bulb, Round, 

Square, and Flat Iron and Steel for the use of 
Naval Architects, Ship-builders, etc. By C. H. 

t ORDAN. Sixth edition, 640 pp. royal 32mo, 

'rench morocco, gilt edges. ( 1909 ) ... net 7 6 

Particulars of Dry Docks, Wet Docks, Wharves, 
etc. on the River Thames. Compiled by C. H. 

Jordan. Second edition, 7 coloured charts, 103 

pp. oblong 8vo. (ISOJf) . net 26 

Marine Transport of Petroleum. By H. Little. 

66 illus. 263 pp. crown 8vo. ( 1890 ) . to 6 

Questions and Answers for Marine Engineers, 

with a Practical Treatise on Breakdowns at Sea. 

By T. Lucas. 12 folding plates,*5i5 pp. gilt 
edges, crown 8vo. (New York, 1903 ) ... net 8 o 

Reed’s Examination Papers for Extra First 

Class Engineers. Fourth edition, 14 plates and 
igS illus. 550 pp. 8vo. ( 1903 ) ... • ... net 18 o 

Reed’s Enmneers’ Handbook to the Board of 
Trade Examinations for certificates of Com¬ 
petency as First and Second Class Engineers. 
Nineteenth edition, 37 plates, 358 illus.'696 pp. 

8vo .. 


14 0 
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Reed’s Marine Boilers. Second edition, orown 8vo 

■ nU , 4 6 

Reed’s Useful Hints to Sea-going Engineers. 

■ Fourth edition, 8 plates, 50 illus. 312 pp. crown , 

8vo. (IdOS) . net 3 6 


MATERIALS. 

Practical Treatise on the Strength of Materials.* 

By T. Box. Fourth edition, 27 plates, 536 jip. 

8vo. ( 1902 ) .. tut 12 6 

Treatise on the Origin, Progress, Prevention 
and Cure of Dry Rot in Timber. By T. 

Britton. 10 plates, 5113 pp. crown 8vo. (/.S 7 d) 7 6 

Stone : how to get it and how to use it. By Major- 

Gen. C. E. Luari), R.E. 8vo, sewed. ( 1890 ) ... 2 o 

Solid Bitumens. By S. F. Beckham. 23 illus. 

324 pp. 8vo. (New Yirk, 1909 ) . net 110 

Lubricants, Oils and Greases. By 1 .1. Reuwood. 

3 plates, 8vo. ( 1898 ) . net 6 6 

Practical Treatise on Mineral Oils and their 
By-Products. By 1 . 1 . Redwood. 67 illus. 336 pp. 
demy 8vo. ( 1897 j . 15 0 

Silico-Calcareous Sandstones, or Building Stones 
from Quartz, Sand and Lime. By E. Stoffler. 

5 plates, 8vo, sewed. ( 1901 ) . net 40 

Proceedings of the Fifth Congress, Inter¬ 
national Association for Testing Materials. 

English edition. 189 illus. 549 pp. demy 8vo. 

( 1910 ). 

Paper . net 15 0 

Cloth .•. net |8 0 
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MATHEMATICS. 

Imaginary Quantities. By M. Argand. Trans¬ 
lated Vff Prof. Hardy. i8mo, boards. {New York) 

* mi 2 0 

Text Book of Practical Solid Geometry. By 

E. H. DK V. Atkinson. Revised by Major B. R. 

Wajd, R.E. Second edition, 17 plates, 8vo. 

{ 1901 ) . 7 6 

Quick and Easy Methods of Calculating, and 

the Theory and Use of the Slide Rule. By 
R. G. Blaink. Third edition, 6 illus. 152 pji. 

161110, leather cloth. ( 1907 ) . 2 6 

Symbolic Algebra, or the .MKebra of Algebraic 
Numbers. By W. Cain. i8nio, boards. (New 
York) . mi 2 o 

Nautical Astronomy. By ]. H. Colvin. 127 pp. 

crown, 8vo. ( 1901 ) nei 2 6 

Chemical Problems. ByJ.C. Foye. Fourth edition, 

141pp. rSmo, boards. (New York, 1898 )... mi 2 o 

Primer of the Calculus. By E. S. Gould. Second 
edition, 24 illus. 122 pp. i8mo, boards. (New 
York, 1899 ) . mi 20 

Elementary Treatise on the Calculus for Engineer¬ 
ing Students. By J. Graham. Third edition, 

276 pp. crown 8vo. ( 190 S). (Finsbury Technical 
Manual) . 7 6 

• 

Manual of the Slide Rule. By F. K. Halsey. 

Second edition, 31 illus. 84 pp. i8nio, boards. 

(New York, 1901) .• ... mt 20 

Reform in Chemical and Physical Calculations. 

By C. J. T. Hanssen. 4to. ’( 1897 ) ... nei 6 6 
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Algebra? Self-Taught. By P. Higgs. Third edition, 
io4ipp.crown 8vo. { 1903 ) ... .,. ‘ ... 

A Text-book on Graphic Statics. By C. W. 

■ Malcolm. 155 illus. 316 pp. 8vo. (New York, 
1909 ) . iiei 

Galvanic Circuit investigated Mathematically. 

By G. S. Ohm. Translated by William FkancIl. 
269 pp. i8nio, boards. {Netii York, 1891 ) ... net 

Elementary Practical Mathematics. By M. T., 

Ormsby. Second edition. 420 pp. demy 8vo. 
( 1911 ) . net 

Elements of Graphic Statics. By K. Vo.n Ott. 
Translated by G. S. Clarke. 93 illus. 128 pp. 
crown 8vo. ( 1901 ) . 

Figure of the Earth. By F. C. Roberts, ibmo, 
boards. (New York) . net 

Arithmetic ol Electricity. By T. O'C. Sloane. 
Thirteenth edition, crown 8vo. (New York, 
1901 ) . net 

Graphic Method for Solving certain Questions 
in Arithmetic or Algebra, By G. L. Vose. 
Second edition with 28 illus. 62 pp. 181110, boards. 
(New York, 1902 ) net 

Problems in Electricity. A Graduated Collection 
comprising all branches of Electrical Science. 
By R. Weber. Translated from the French by 
E. A. O’Keefe. 34 illus. 366 pp. crown 8vo 
( 1902 ) ...^ . net 
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MECHANICAL ENGINEERING. 

Steam Engines and Boilers, etc. 

Handhpok.for Mechanical Engineers. By Hy. 

Adams. Fourth edition, 426 pp. crown 8vo. 

( 1897 ) . . net 46 

Appleby’ii Handbooks of Machinery. Many 

illustrations, 8vo. Sections 2, 3, 4 and 6... each 3 6 

Section 5. 50 

Section I.— Prime Movers. Out of Print. 

Section 2.—Hoisting Machinery, Winding Engines, etc. 

Section 3.— Out of print. 

Section 4.—Machine Tools and Accessories. 

Section 5.—Contractors’ Plant and Railway Materials. 

Section 6.—Mining, Colonial and Manufacturing Machinery. 

Engineers' Sketch Book of Mechanic^ Move¬ 
ments. By T. W. Barber. Fifth edition, 3000 
illus. 355 pp. 8vo. { 190 S) . net 10 6 

The Repair and Maintenance of Machineiy. By 

T. W. Barber. 417 illus. 476 pp. 8vo. ( 7895 )... 10 6 

Slide Valve and its Functions, with special 
reference to Modern Practice in the United 
States. By J. Begtrup. 90 diagrams, 146 pp. 
medium 8vo. (New York, 1902 ) . net 80 

Practical Treatise on Mill Gearing. By T. Box. 

Fifth edition, 11 plates, 128 pp. crown 8vo. 

( 1892 ) . 76 

Safety VaJves. By R. H. Buell. Thisd edition, 
aolUus. 100 pp. i8mo, boards. (New York, 1898 ) 

net 20 

Machine Design. By Prof. W. L. Cathcart. 

Part I. Fastenings. 123 illus. 2pi 'pp, 

demy 8vo. (New York, 1903 )... net 12 6 
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Chimney Design and Theory. By W. W. 

Christie. Second edition, 54 ,illus'. 192 pp. _ 

. crown 3 'vo. (New York, 1902 ) ^ ... net 

Furnace Draft: its Production by Mechanical 
' Methods. By W. W. Christie. 5 illus. 80 pp. ' 
i8mo, boards. {New York, 1906 ) . net 

Working and Management of Steam Boilers 
and Engines. By F. Colyer. Second edition, 
108 pp. crown 8vo. ( 1902 ) . '... 

The Stokers' Catechism. ’By .W. J. Connor. 

63 pp. limp cloth. ( 1906 ) . net 

Treatise on the use of Belting for the Transmission 
of Power. By J. H. Cooper. Fifth edition, 94 illus. 
399 pp. demy 8vo. (New York, 1901 ) net 

The Steam Engine considered as a Thermo¬ 
dynamic Machine. ByJ. H. CoTTERiLL. Third 
edition, 39 diagrams, 444 pp. 8vo. ( 1896 ) 

Fireman’s Guide, a Handbook on the Care of 
Boilers. By K. P. Dahlstrom. Eleventh edition, 
fcap. 8vo, limp. (S. & C. Series, No. 16.) (New 
York, 1906 ) . net 

Heat for Engineers. By C. R. Darling, no illus. 
430 pp. 8vo. ( 1908 .) (Finsbury Technical 
Manual.) . net 

Diseases of a Gasolene Automobile, and How to 
Cure Them. By A. L. Dyke. 127 illus. 201 pp. 
crown 8vo. (New York, 1908 ) . net 

Belt Driving. By G. Halliday. 3 folding plates, 
100 pp. 8vo. ( 1891 i) . 

Worm and Spiral Gearing. By F. A. Halsey. 

13 plates, 85 pp. l8mo, boards. (New York, 1903 ) 

net 

Commercial Eiitciency of Steam Boilers. By*, 

A. Hanssen. Large 8vo, sewed. ( 1898 ) 

Corliss ’ Engine. ' By J. T. Henthorn. Third 
edition, illus. 95 pp. square i6mo. (S. & C. 
Series, No'. 23.) (New.York, 1910 } ... net 
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Liquid Fuel for Msdianical and Industrial Purposes. 
, By E.*A. Brayi.ky Hodgetts. io6 illus. 129 pp. 
8vp.- (mO) ... • ... .... . . 

Elementary Text-Book on Steam Engines and 
Boilers. By J. H. Kinealy. Fourth edition, 
106 illus. 259 pp. 8vo. {New York, U) 0 SI)... net 

Centri<jjgal Fans. By J. I-I. Kinealy. 33 illus. 
2of) ppT leap. 8vo, leather. {New York, VJ 05 ) net 

Mechanical Draft. By J. H. Kinealy. 27 original 
tables and 13 plates, 142 pp. crown 8vo. {New 
Yofk,'J 906 ) ... ... ... ... ... net 

The A. B. C. of the Steam Engine, with a 
description of the .Automatic Governor. By 

J. P. Lisk. 6 plates, i2mo. (S. & C. Series, 
No. 17.) {New York, 1910 ) . net 

Valve Setting Record Book. By P. A. Low. 8vo, 
boards. 

The Lay-out of Corliss Valve Gears. By S. A. 

Moss. Second edition, 3 plates, 108 pp. i8mo, 
boards. {New York, 1900 ) . net 

Steam Boilers, their Management and Working. 

ByJ. Peattie. Fifth edition, 35 illus. 230 pp. 
crown 8vo. { 1908 ) . net 

Treatise on the Richards Steam Engine Indi- 
cator. By C. T. Porter. Sixth edition, 3 plates 
and 73 diagrams, 285 pp. 8vo. (i,W) ... 

Practical Treatise on the Steam Engine. By 

A. Rigg. Second edition, 103 plates, 378 pp. 
demy 4to. { 1894 ) . 

Power and its Transmission. A Practigal Hand¬ 
book for the Factory and Works Manager. By 
T. A. Smith. 76 pp. leap. 8vo. { 1910 )... net 

Drawings for Medium Sized Repetition Work. 

By R. D. Spinney. With 47 illus. 130 pp. 8vo. 
{ 1909 } .• . net 
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Slide Valve Simj)ly Explained. By W. J. Ten¬ 
nant. Revised by J. H. Kinealy. 41 illuk. , 

' ^3 PP- cfown 8vo. (Nm Yqrk, 1699 ) , ... wi , 4 B 

Shalt Governors. By W. Trinks and C. Hoosum. 

27 illus. 97 pp. i8mo, boards. (New York, 1905 ) 

net 2 o 

Slide and Piston Valve Geared Steam Engines. 

By W. H. Uhland. 47 plates and 314 illus. 155 pp. 

Two vols. folio, half morocco. (1S8S) ... i 16 o 

How to run Engines and ‘ Boilers. By E. P. 

Watson. Fifth edition, 31 illus. 160 pp. crown 

8vo. {New York, 190 Jf) ... . ...a 3 6 

Position Diagram of Cylinder with Meyer Cut¬ 
off. By -W. H. Weightman. On card. {New 
York) . net i o 

Practical Method of Designing Slide Valve 
Gearing. By E.J. Welch. 6g diagrams, 283 pp. 

Crown 8vo. { 1690 ) . 6 o 

Elements of Mechanics. By T. W. Wright. 

Eighth edition, illustrated, 382 pp. 8vo. {New 

York, 1909 ) . net to 6 

METALLURGY. 

Iron and Steel Manufacture. 

Life of Railway Axles. By T. Andrews. 8vo, 

sewed. { 1895 ) . 1 0 

Microscopic Internal Flaws in Steel Rails and 
Propdler Shafts. By T. Andrews. 8vo, sewed. 

{ 1896 ) . 10 

Microscopic Internal Flaws, Inducing Fracture 

in Steel. By.T. Andrews. 8vo, sewed. { 1896 ) 2 o 

Relations between the Effects of Stresses slowly 
applied and of. Stresses suddenly applied in the 
case of. Iron and Steel: Comparative Tests 
with Notched and Plain Bars. By P. Breuil. 

23 plates and 60 illus. 151 pp. 8vo. { 190 ^) net 80 
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Brassfounders’ Alloys. By ]. F. Buchanan. Ulus- ’ 
^ tratedf 129 pp. croA»n 8vo. ( 1905 ) ... _ net 

Foundry Nomenclature. The Moulder’s Pocket 
Dictionary and concise guide to Foundry Prac¬ 
tice. By John F. Buchanan. Illustrated, 225 pp. 
crown 8vo. ( 1905 ) . net 

American Standard Specifications for Steel. By 
A.*L.*Colijv. Second edition, revised, 103 pp. 
cAown 8vo. (Neiu York, 1905 ) . net 

Galvanised Iron: its Manufacture and Uses. By 
J. DSviiis. 139 pp. 8vo. ( 1 S 99 ) . Mt 

Management of Steel. By G. Ede. Seventh 
edition, 216 pp. crown 8vo. ( 1005 ) . 

Galvanising and Tinning, with a special Chapter 
on Tinning Grey Iron Castings. By W. T. 
Flanders. 8vo. (New York) . net 

The Frodair Handbook for Ironfounders. lOo 

pp. 121110. (1010) ... . net 

Cupola Furnace. A practical treatise on the 
Construction and Management of Foundry 
Cupolas. By E. Kirk. Third edition, 106 ilhis. 
484 pp. demy 8vo. (New York, 1910 ) ... net 

Practical Notes on Pipe Founding. By J. W. 

Macfarlane. 15 plates, 148 pp. 8vo . 

Atlas of Designs concerning Blast Furnace 
Practice. By M. A. Pavlofe. 127 plates, 14 in, 
by loi in. oblong, sewed. ( 1902 ) . net 

Album of Drawings relating to the Manufacture 
of Open Hearth Steel. By M. A. Pavloff. 

. Part I. Open Hearth Furnaces. 52 
. • plates, 14 in. by loj in. oblong folio in 
))ortfolio. (lOOi) . net 

Metallography Applied to Siderurgic Products. 

By H. Savoia. Translated by K. G. CpRnEX. 
With 94 illus. 180 pp. crown 8vo. ( 1910 ) net 
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Modern' Foundiy Practice. Including revised 
subject matter and tables from SpretsonVb 
. “ Casting and Founding.” ByJ. Sha^p. Second 
edition, 272 illus. 759 pp. 8vo. { 1905 ) ... net 

Roll Turning for Sections in Steel and Iron. 

By A. Spencer. Second edition, 78 plates, 4to. 
( 189 ^) . 


METRIC TABLES, 

French Measure and English Equivalents. Uy 

J. Brook. Second edition, 80 pp. fcap. 32mo, 
roan. { 1906 ) . net 

A Dictionary of Metric and other useful Mea¬ 
sures. By L. Clark. 113 pp. 8vo. { 1891 ) ... 

English Weights, with their Equivalents in 
kilogrammes. By F. W. A. Logan. 96 pp. 
fcap. 32010, roan. { 1906 ) . net 

Metric Weights with English Equivalents. By 

H. P. McCartney. 84 pp. fcap. 321110. { 1907 ) 

net 

Metric Tables. By Sir G. L. Moi.esworth. Fourth 
edition, 95 pp. royal 321110. { 1909 ) ... Mt 

Tables for Setting out Curves from 200 metres 
to 4000 metres by tangential angles. By H. 
■Williamson. 4 illus. 60 pp. i8mo. { 1908 ) net 


MlIiERALOGY AND MINING. 

Rock Blasting. By G. G. Andre. 12 plates ana 
36 illus. in text,,202 pp. 8vo. { 1878 ) . 

Winding Plants for Great Depth. By H. C. 

Behr. In two parts. tJvo, sewed. ( 190 ^) mt 
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Practical Treatise* on Hydraulic Mining in 
, Csdifotnia. By nV. J. Bowie, Jun. Tepth 
edition, 73 illus.1313 pp. royal 8vo. (New Yofk, 

1905 ) . net i 1 o 

Tables’ for the Determination of Common 
Rocks. By O. Bowles. 64 pp. i8mo, boards. 

(Van Natrano Series, No. 125.) (New York, 

1910 ) . . ttet 2 0 

Manual dt Assaying Gold, Silver, Copper and 
Lead Ores. By W. L- Brown. Twelfth edition, 

132 illus. 589pp.crown8vo. (NewYork, 1907 ) net 10 6 

Fire Assaying. By E. W. Buskett. 6g illus. 

toy pp. crown 8vo. (New York, 1907 ) ... net 4 6 

Tin : Describing the Chief Methods of Mining, Dress¬ 
ing, etc. By A. G. Charleton. 15 plates, 83 pp. 
crown 8vo. (1884) . t2 6 

Gold Mining and Milling in Western Australia, 
with Notes upon Telluride Treatment, Costs and 
Mining Practice in other Fields. By A. G. 
Charleton. 82 illus. and numerous plans and 
tables, 648 pp. super-royal 8vo. ( 1908 ) ... net i ^ 0 

Miners' Geology and Prospectors’ Guide. By 

G. A. Coruer. 29 plates, 224 pp. crown 8vo. 

( 1907 ) . net 50 

Blasting of Rock in Mines, Quarries, Tunnds, 
etc. By A. W. and Z. W. Daw, Second edition, 

90 illus. 316 pp. demy 8vo. ( 1909 ) ... net 15 o 

Handbook of Mineralogy ; determination and de¬ 
scription of Minerals found in the United States. 

By J. C. Foye. i8mo, boards. (New York, 1886 ) 

net 20 

Conversations on Mines. By W. Hopton. Ninth 

edition, 33 illus. 356 pp. crown 8vo. ( 1891 ) ... 4 6 

Our C 08 ^ Resources at the End of the JJineteenth 
Cdhtury. By Prof. E. Hull. 157 pp. demy 8vo. 

( 1897 ) ._. 60 

Hydraulic Gold Miners’ Manual. By T. S.. G.. 

Kirkpatrick. Second edition, 12 illus. 46 pp. 
crown 8vo. ( 1897 ) .* . 4 0 
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Economic Mining. By C. G. W. Lock'. . 175 illus. 

680 pp. 8vo. ( 1895 ) ... ... nil • 

Gold Milling: Principles and Practice. By C. G. W. 

' Lock. 200 illus. 850 pp. demy 8vo. ( 1901 ) net , i 

Mining and Ore-Dressing Machinery. By 

C. G. W. Lock. 639 illus. 466 pp. super-royal 4to. 
( 1890 ) . ,... ,1 

Miners’ Pocket Book. By Ct G. W. Lock. Fifth 
edition, 233 illus. 624 pp. fcap'. 8vo, roan, gilt 
edges. ( 1908 ) net 

« 

Tests for Ores, Minerals and Metals of Com¬ 
mercial Value. By R. L. McMechen. . 152 pp. 
i2mo. (New York, 1907 ) net 

Practical Handbook for the Working Miner 
and Prospector, and the Mining Investor. By 
J. A. Miller. 34 illus. 234 pp. crown 8vo. 
( 1897 ) . 

Theoy and Practice of Centrifugal Ventilating 
Machines. By D. Murgue. 7 illus. 81 pp. 8vo. 
( 1883 ) . 

Examples of Coal Mining Plant. By J. Povey- 
Harper. Second edition, 40 plates, 26 in. by 
20 in. ( 1895 ) net 4 

Examples of Coal Mining Plant, Second Series. 

By J. Povey-Harper. to plates, 26 in. by 20 in. 
(mH) . net i 


MODELS AND MODEL MAKING 

How to Build a,Model Yacht. By H. Fisher. • 
Numerous illustrations, 50 pp. 4to. (New York', '■ 
190 Z) . net ■ 

Model Engines and Small Boats. By N. M. 

Hopkras. ,30 illus. crown 8vo. (New York, 1898 ) 

net 
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The Model Vaudeville Theatre. By N. -H,' 

Schneider. 54 >Uus. go pp. crown f!vo, limp. 

* (S. & C. SerieSjNo. i5,)_ New Yorh, 1910 ) • 

Electric Toy-Making. By T. 0. Si.oane. Fif¬ 
teenth edition, 70 iTlus. 183 pp. crown 8vo. {New 
York, 1903 ) . net 

Model Steam Engine Design. By R. M. De 

VTgnv^I’.. 34 illus. g4 pp. crown 8vo, limp. (S. & C. 
Series, No. g.) (Ne?t> York, 1907 ) ... net 

Small Engines and Boilers. By E. P. Watson. 
30 kill page working drawings, crown 8vo. {New 
York, im) . net 


ORGANISATION. 

Accounts, Contracts and Management. 

Organisation of Gold Mining Business, with 
Sjiecimens of the Departmental Report Books 
and the Account Books. By Nicol Brown. 
Second edition, 220 pp. fcap. folio. ( 1903 ) net 

Cost Keeping and Management Engineering. 

A Treatise for those engaged in Engineering Con¬ 
struction. By H. P. OiixETTii and R. T. Dana. 
With 184 illus. 346 pp. 8vo. New York, 1909 ) net 

Manual of Engineering Specifications and Con¬ 
tracts. By L. M. Haupt. Eighth edition, 338 pp. 
8vo. (New York, 1900 ) net 

Handbook on Railway Stores Management. 

By W. 0 . Kempthorne. 268 pp.,deray 8vo. 
(M) . ... net 

Depreciation of Factories, Municipal, and In¬ 
dustrial Undertakings, and their Valuation.^ By 
E. Matheson. Fourth edition, 230 pp. '8vo, 
cloth. ( 1910 ) net 
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Aid Book to Engineering Enterprise. By E. 

Matheson. Third edition, 916 pp. 8vo, buckram* 

, ( Jm ) ... .'i^ 4 o" 

Office Management. A handbook for Architects 
and Civil Engineers. By W. Kaye Parry. 

New impression, 187 pp. medium 8vo. ( 190 ^) net 50 

Commercial Organisation of Engineering Fac¬ 
tories. By H. SpiiNXer. 92 illiis. 221 ])p. 8v6, ‘ 

( 1907 ) .. net 10 6 


PHYSICS. 

Coi.ouR, Heat and Experimental Science. 

The Entropy Diagram and its .Applications. By 

M. J. Boulvin. 38 illus. 82 pp. demy 8vo. ( 1898 ) 5 o 

Physical Problems and their Solution. By A. 

Bourgougnon. 224 pp. i8mo, boards. (New 

York, 1897 ) net 2 o 

Heat for Engineers. ByC. R. Darling, no illus. 

430 pp. 8vo. ( 1908 ) (Finsbury Technical 
Manual) . net 12 6 

The Colourist. A method of determining colour 
harmony. By J. A. H. Hatt. 2 coloured plates, 

80 pp. 8vo. (New York, 1908 ) net 6 6 

Engineering Thermodynamics. By C. F. Hirsch- 
FELU. 22 illus. 157 pp. i8mo, boards. (New York, 

1907 ) . net 2 o 

Experimental Science : Elementary, Practical and 
Experimental Physics. By G. M. Hopkins. ' ' 
Twenty-third edition, 920 ilhis. 1100 pp. large 8vo. 

Jiflew York, 190 S) • net \ 1 0 

' Reform in;Ciiemical and Physical Calculations. 

By C. J. T. Hanssen. Demy 4to. ( 1897 ) net 6 6 
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Introduction to the. Study of Colour Phenomena.*. 

By J. W. Lo'iibond. lo hand coloured plates, 

48 pp. 8vo. { 1905 ^ ... ... ... ... , net 5 *0 

Practical Laws and Data on the Condensation 
of’Steam in Bare Pipes ; to which is added a 
Translation of Peci.f.t’s Theory and Experi¬ 
ments on the Transmission of Heat throuf;!! In¬ 
sulating Materials. By C. P. Paui,])INg. 1S4 
illas. j»2 pp. demy 8vo. (New York, net 8 6 

The' Energy Chart. Practical apirlication to 
reciprocating steam-ingines. By Captain H. R. 

Sankky. 157 illus. 170 pp. 8vo. {J 907 ) ... net 7 6 


PRICE BOOKS. 

Approximate Estimates. By T. E. Coleman. 

Third edition, 481 pp, oblong 421110, leather. 

( 1907 ) . net 50 

Railway Stores Price Book. By W, 0 . Kemv- 

THORNE. 500 pp. demy 8vo. ( 1909 ) ... net 10 6 

Handbook of Cost Data for Contractors and 
Engineers. By H. P. Gillette. 1854 pp. 
crown 8vo, leather, gilt edges. (New York, 1910 ) 

net i 1 o 

Telephone Construction, Methods and Cost. 

By C. Mayer. With Appendices on the cost of 
Materials and Labour. By ]. E. Slipey. 103 

illus. 284 pp. crown 8vo. (New York) ... net 12 6 

Concrete Construction, Methods and Cost. By 

H. P. Gillette and C. S. Hill. 310 illus. 690 

pp. 8vo. (New York, 1908 ) net i \ o 

Spong'* Architects’ and Builders’ Pocket Price- 
Book and Diary, 1911 . Edited by Clyde 
Young. Revised by Stankord M. Brpoks. Illus¬ 
trated, 239 pp. green leather cloth. With Diary 
showing a week at an opening. (Size 6^ in. by 
3| in. by J in. thick). Issued annually ... net 26 
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RAILWAY ENGINEERING. 

Practical Hints to Young Engineers Employed 
on Indian Railways. By A. W. C. Addis. 

With 14 illus. 154 pp. 121110. (UtlO) ... net 3 6 

Railroad Curves and Earthwork. By C. F. 

Allen. Third edition, 4 plates; 198 pp. 121110, 

, leather, gilt edges. {New York, 1908 ) ... net 8 6 

Field and Office Tables, specially applicable to 
Railroads. By C. F. Allen. 293 pp. i6mo, 

leather. (New York, 1903) . net 8 6 

The two above combined in otu vol. limp leather ... net 12 6 

Up-to-date Air Brake Catechism. By R. H. 

Blackall. Twenty-third edit. 5 coloured plates, 

96 illus. 305 pp. crown 8vo. (New York, 1908) net 8 6 

Simple and Automatic Vacuum Brakes. By C. 

Briggs, G.N.R. 11 plates, 8vo. (189a) ... 4 0 

Notes on Permanent-way Material, Plate-laying, 
and Points and Crossings. By W. H. Cole. 

Sixth Edition in the Press. 

Statistical Tables of the Working of Railway 

in various countries up to the year 1904. By 
I. D. Diacomidis. Second edition, 84 pp. small 
folio, sewed. (1906) net 16 0 

Locomotive Brejdcdowns, Emergencies and their 
Remedies. By Geo. L. Fowler, M.E. and W. W. 

Wood. Fifth edition, 92 illus. 266 pp. 121110. 

(New York, 1908) wf , 4 6 

• . 

Permanent-Way Diagrams. By F. H. Frere. 

Mounteil on lineq in cloth covers. ( 1908 ) net 3 o 

‘ Formula for Railway Crossings and Switches. 

By j. Glover. 9 illus. 28 pp. royal 32010. (1896 2 6 
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Data relating tq ‘Railway Curves an4 Super¬ 
elevations, shown«grapnically. ByJ. H. Haiste, 

* 0,p folding cardifor poclici use . ' lut o' 6 

Setting out of Tube Railways. By G. M. Halden. • 

9 plates, 46 illus. 68 pp. crown 4to. {1907) net 10 6 

Railway Engineering, Mechanical and Electrical. 

By J. JV. C. Haldane. 141 illus. 563 pp. 8vo. 

(1897J . ij o 

Tables for setting-out feailway Curves. By C. P. 

Hogg. A series of cards in neat cloth case ... 46 

The Construction of the Modern Locomotive. 

By G. Hughes. 300 illus. 261 pp. 8vo. (1894) 9 0 

Practical Hints for Light Railways at Home and 
Abroad. By F. K. Johnson. 6 plates, 31 pp. 
crown 8vo. (1896) . 2 6 

Handbook on Railway Stores Management. By 

W. O. Kempthokne. 268 pp. demy 8vo. (1907) 

net 10 6 

Railway Stores Price Book. By W. O. Kemp- 

thorne. 487 pp. demy 8 vo. (1909) ... net 10 6 

Tables for setting out Curves for Railways, Roads, 

Canals, etc. By A. Kennedy and R. W. Hack- 
wood. 32mo. net 2 c 

Railroad Location Surveys and Estimates. By 

F. Lavis. 68 illus. 270 pp. 8vo. (New York, 1908) 

net 12 f 

Tables for Computing the Contents of Earth¬ 
work in the Cuttings and Embankments of 
Railways. By W. Macgregor. Royal 8vo ... 6 ( 

Bridge and Tunnel Centres. By J. B. McMasters. 
Illustrated, 106 pp. i8mo, boards. (Nw York, 

1893) . 2 < 

Pioneering. By F. Shelford. Illustrated, 88 pp. 

crown 8vo. (1909) . 3 • 
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Handbook on Railway Surveying fcft , Students 
and Junior Engineeis. By B. SrhWAKT. 55j > 

' illuB. gS'pp. crown 8vo. [ 1909 ) ... < ... net - , 2 6 

Spiral Tables. ByJ. G. Sullivan. 47 pp. 121110, ■ 

leather. (New York, 190 S) . net 6 6 

Modern British Locomotives. By A. T. Taylor. 

100 diagrams of principal (liniensions, 118 jiq. , 
oblong 8vo. ( 1907 ) ... .. net .46 

Locomotive Slide Valve Setting. By C. E. Tully. 

Illustrated, 181110 net ^ 10 

The Walschaert Locomotive Valve Gear. By 

W. W. Wood. 4 plates and .set of movable card¬ 
board working models of the valves, 193 pp. 
crown 8vo. (New York, 1907 ) net 6 6 

The Westinghouse E.T. Air-Brake Instruction 
Pocket Book. By W. \\'. Wood. 48 illus. 
including many coloured plates, 242 pp. crown 
8vo. (New York. 1909 ) net 8 6 


SANITATION, PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING. 

Sewers and Drains for Populous Districts. By 

J. W. Adams. Ninth eifition, 81 illus. 236 pp. 

8vo. (New York, 1902 ) . net 10 6 

Public Abattoirs, their Planning, Design and Equip¬ 
ment. By R. S. Ayling. 33 plates, 100 pp. 
demy 4to. ( 1908 ) . net 8 6 

1 

Sewage Puriijcatibn. By E. Bailf,v-Df,nton. 8 • . 

plates, 44 pp. 8vo. ( 1890 ) . 5 0 

Water Suppjy and Sewerage of Countiy Man¬ 
sions and pstates. By E. Bailey-Denton. 

76 pp. crown 8vo. { 190 i) . net 26 
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Sewerage and %wage Purification. By M. N. 

Bahe«. Second edition, 144 jip. iHiiio, l)oard.s, 
{J)^ew York, IVOo^ . ' -net 

Sewage Irrigation by Farmers. By R. W. P. 

Birch. 8vo, sewed, { 1 S 7 S) . 

Sewage Disposal in the Tropics. By W. W. 

Clemesha, M.D. 24 plates, 232 pp, 8vo. ( 1910 ) 

• •' mt 

’Sanitary House Drainage, its Principles and 
Practice, By T, E, Coleman, 98 ilhis, 206 pp, 
croyn 8vo, ( 1890 ) . 

Stable Sanitation and Construction. By T. E. 

Coleman, 183 illus, 226 pp, crown 8vo, ( 1897 ) 

Public Institutions, tlieir Ensincering, Sanitary and 
other Appliances, By F, Coi.yer, 231 pp, 8vo, 
( 1889 ) . Hrf 

Discharge of Pipes and Culverts. By P. M. 

Crosthwaite, Large folding slieet in case net 

A Complete and Practical Treatise on Plumbing 
and Sanitation; Hot Water Supply, Warm¬ 
ing and Ventilation, Steam Cooking, Gas, 
Electric Light, Bells, etc., with a complete 
Schedule of Prices of Plumber’s Work. By 
G. B. Davis and F. Dye. 2 voLs. 637 illus. and 
21 folding plates, 830 pp. 410, cloth. ( 1899 ) net 

Standard Practical Plumbing. By P. J. Davies. 
Vol. I. Fourth edition, 768 illus. 355 pp. royal 

8vo. ( 1905 ) . net 

Vol. II. Second edition, 953 illus. 805 pp. 

( 1905 ) . net 

Vol. III. 313 illus. 204 pp. ( 1905 ) ... net 

Conseiwancy, or Dry Sanitation versjis Water 
CwHage. By j. Donkin. 7 plates, 33 pti. 8 vo, 
sewed. ( 190 ( 1 ) net 

Sewage Disposal Works, their Design and Con¬ 
struction. By W. C. Easdale. With 160 illus. 
264 pp. demy 8vo. ( 1910 )... • ntt 
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House Drainage, and Sanitary Plumbipg. By 

W. P; Gerhard. Tenth edition, h illus. 231 ppi , 
■ i8mo, boards. (New Yerh, 19 , 02 ) . net 

Engineering Work in Towns and Cities. By 

E. McCulloch. 44 illus. 502 pp. crown 8vo. 
(New York, 1908 ) . net 

The Treatment of Septic Sewage. By G. W, 

Rafter. 137 pp. i8nio, boards. (New York, 

190 JD . I . net 

Reports and Investigations on Sewer Air and ^ 

Sewer Ventilation. By R. H. Reeves. 8vo, sewed. 
( 1894 ) . 

The Law and Practice of Paving Private Street 
Works. By W. Spinks. Fourth edition, 256 pp. 
8vo. ( 1904 ) . net 


STRUCTURAL DESIGN. 

(S« Bridges and Roofs.) 


TELEGRAPH CODES. 


New Business Code. 320 PP- narrow 8vo. (Size 
4f in. by Tf in. and J in. thick, and weight 10 oz.) 
(New York, 1909 ) net 

Miners’ and Smelters’ Code (formerly issued as 

the Master Telegraph Code). 448 pp- 8 vo. 
limp leather, wtignt 14 oz. (New York, 1899 ) ■ 
' net 

Biflionaire Phrase -Code, containing over two mil¬ 
lion ■ sentences coded in single words. 56 pp. 
8vo, leather. ■ .(New York, 1908 ) net 
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.WARMrNG AND YENTILATIpN. 

• • • • 

Heat for Engineers. By C. R. Darling, ho illus. 
430 pp. 8vo. (Finsbury Technical Manual. 

(im . Jt 

Hot ^Vater Supply. By F. Dye. Fifth edition, 
48 illus. 86 pp. crown 8vo. {W 02 ) ... net 

A Practi&l Treatise upon Steam Heating. By 

• F. Dye. 129 illus. 24^ pp. demy 8vo. ( 1902 ) net 

Practical Treatise on Warming Buildings by 
Hot Water. By F. Dye. 192 illus. 319 pp. 
8vo. cloth. ( 1905 ) . net 

Charts for Low Pressure Steam Heating. By 

J. H. Kinealy. Small folio. (New York) 

Formuis and Tables for Heating. By J. H. 

Kinealy. i8 illus. 53 pp. 8vo. (New York, 1899 ) 

Mechanics of Ventilation. By G. W. Rafter. 
Second edition, i8mo, boards. (New York, 1896 ) 

net 

Principles of Heating. By W. G. Snow. 62 illus. 

161 pp. 8vo. (New York, 1907 ) net 

Furnace Heating. ByW. G. Snow. Fourth edition, 
52 illus. 2 i 6 pp. 8vo. (New York, 1909 ) ... net 

Ventilation of Buildings. By W. G. Snow and T. 
Nolan. 83 pp. i8mo, boards. (New York, 1906 ) 

net 

Heating Engineers’Quantities. ByW. L. White 
and G. hT White. 4 plates, 33 pp. folio. ( 1910 ) 

net 


WATER SUPPLY. 

(See also Hydraulics.) 

Potable Water and Methods of Testing* Im¬ 
purities. By M. N. Baker. 97 pp. ^Smo, 
boards. (New York, 1905 ) . net 

Manual of Hydrology. By N. Beardmore.- New 
impression, 18 plates, 384 pp. 8vo. ( 1906 ) net 
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Boiler Waters, Scale, Corrosion and Fouling. By 
W. W. Christie. 77 illus. 235 pfj. 8vo, cloth.* 
' {New York, 1907 ) .■ ... ' ... »et 

Water Softening and Purification. By H. Collet. 
Second edition, 6 illus. 170 pp. crown 8vo. { 1908 ) 

net 

Treatise on Water Supply, Drainage and Sanitary 
Appliances of Residences. By F. Colyer. too, 
pp. crown 8vo. { 1899 ) . net 

Report on the Investigations' into the Purifica¬ 
tion of the Ohio fover Water at Louisville, 
Kentucky. By G. W. Fuller. 8 plates, 4*0, 
cloth. {New York, 1898 ) . 

Purification of Public Water Supplies. By J. W. 

Hill. 314 pp. 8vo. {New York, 1898 ) . 

Well Boring for Water, Brine and Oil. By C. Isler. 
Second edition, 105 illus. 296 pp. 8vo. { 1911 ) net 

Method of Measuring Liquids Flowing through 
Pipes by means of Meters of Small Calibre. 

By Prof. G. Lange, i plate, 16 pp. 8vo, sewed 

net 

On Artificial Underground Water. By G. 

Richert. 16 illus. 33 pp. 8vo, sewed. { 1900 ) 

net 

Notes on Water Supply in new Countries. By F. 
W. Stone. 18 plates, 42 pp. crown 8vo. { 1888 ) 

The Principles of Waterworks Engineering. 

By J. H. T. Tudsbery and A. W. Brightmore. 
Third edition, 13 folding plates, 130 illus. 447 pp. 
demy 8vo. { 1906 ) . net 


WORKSHOP PRACTICE. 

A Handbook for Apprenticed Machinists. By, 

0 . J. Beals. Second edition, 89 illus., 141 pp. 

. i6mo. {New York, 1901 ) .. net 

Biqrcle Repairing. By S. D. V. Burr. Sixth 
edition, 200 illus. 208 pp, 8vo. {New York, 1903 ) 

net 
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Practice of Hand Turning. By F,. Campih. 

, TWrcf edition, 99 iflus, 307 pp. crown 8vo. { 1 . 88 S) 

t • • 

Calculation of Change Wheels for Screw Cutting 
on Lathes. By D. De Vries. 46 illus. 83 pp. 
8vo. ( 1908 ) . net 

Milling Machines and Milling Practice. By 

D,de,Vries. With 538 illns. 464 pp. medium 
Hvo.* (I 9 t 0 ) . net 

’ 

French-Polishers’ Manual. ByaFrench-Pohsher. 
31 jp. royal 32mo, sewed. ( 1902 ) ... net 

Art of Copper Smithing. By J. Fuller. Third 
edition, 475 illus. 325 pp. royal 8vo. {New York, 
mi) . net 

Saw Filing and Management of Saws. By R. 

Grimshaw. New edition, 81 illus. i6mo. {New 
York, 1906 ) net 

Paint and Colour Mixing. By A. S. Jennings. 
Fourth edition. 14 coloured plates, 190 pp. 8vo. 
( 1910 ) . net 

The Mechanician: a Treatise on the Construction 
and Manipulation of Tools. By C. Knight. 
Fifth edition, 96 plates, 397 pp. 4to. ( 1897 ) ... 
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Workshop Receipts. 


The Rainwater 
Separator. 

Whkn collecting rainwater, as it falls!, 
either for <li)m«!^Uc u«e or any oilier 
purjKige, the only fsrsicticable meiuis 
of obtaining a useful quantity is by 
taking that which falls on roofs (.ir 
simiLir large waterproof areas. As the 
aycn^c annual nvinfull in lutKit plocc.^ 
in Kiigliunl is 25 in., and each inch 
represents half a gal., it will be seen 
that a n)of having 2000 sij. ft. (in 
plan) will Iiave no less than 25,000 gal. 
fall uiK)u it in a year. If, for reasons 
aliout to be explained, one half of this 
goes to waste, there remains 12,500 
gal., which is an abundant quantity 
for all the jiuriRises for which rain¬ 
water is usually roiiuire^l. 

The reason for calculating tliat only 
Indf the actual rainfall is available 
for use is that tlierc occur losses by 
absorption and evaporation, also by 
numeroui light showers that yield 
nothing, or next to nothing, in the 
down-pipes ; and, lastly, the fact that 
the first water—the washings of the 
roofs and gutters—should always lie 
run to waste. A roof and its parts, | 
especially when several days elapse 
between showers, Itccomc soiled by 
birds, while the gutters liavc a collec¬ 
tion of insects and debris. This is 
undesirable matter to send, into the 
rainwater tub or tank, and the purpose 
of the rainwater “ separator ” is to 
deal with tbis. The appliance is not 
a filter; it is a device by which the 
rain coming from the roof for alout 
the first three to fi^ minutes is run \ 


, tf» wfwtc, then its j«SK:ige is automatic¬ 
ally diverted to tlic Bloi-ogo tank. 

Fig- i arrangement wliiiii 

can lie rniule by anybiip, and ilie whole 
of the openvtiug^pkrts are suppOBCil to 
Iks agivinst a wall. Ab indicateil by 
tins .M)lid (unbroken) lines it may Iks 
sup]Kised that the rainfall has just 



I commenced, and the first water from 
I the gutter is coming down the down- 
pipe shown into the fiuil. The pail is 
hung upon the end of the lower hori¬ 
zon^ level shown, and as soon as the 
pail is full enough its weight will carry 
the end of the lever down, and this 
will act u|>on the rods above to make 
the down-pipe swing over, as shown by 
broken lino. This piece of down-pipe 
must be free to n^ve, as sliown, and 
this is Best* arranged by nailing it by 
I one ear only, the right-lmucre^^. 




The- |Hwl requirow to have a wnall 
hole in it near the l«)ttom, little more 
than a pin hole, uo tliat it will enqtty 
itisolf and then ritie and Mtrai^hten the 
down-pij)c I'oady for the next shower. 
It do<sw not niiittei' if the pwl in a long 
time emptying itnolf,for sliouhl another 
nhowur come bol'orie the pail lavs risen 


■ Figs. 2 ami 1 3 illustnite Roliert’s 
rain-water sepindor (in/Mlc in vertiod 
form, as shown, or horizontal).* These 
illustrations show the Hcparatur with 
the front plates removed. 

Fig. 2 shows it in the position that 
it retains when running foul water into 
tlie waste pipe during the first part of 
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of a small portioa of the water in the 
chaml»er J of the canter; when the 
water reaches a certaiv height, it makes 
the left side heavier tlian tlie right, 
and tlxe umter turns a little on the 
pivot M tliat supports it, so tluit the 
water is tle)ivere<l two inches furtlier 
to the right than it was Ix^fore; and 
whereiu it at fu'st nui through N into 
the waste jape, it now funs thnmghO 
into the sUmigc tank. 

In Figs. 2 iuul :i, AA arc strainers 
removable for wjishing. B is a re¬ 
movable slide, with two small liulcs to 
regulate the How of sufficient Wiiber to 
work the winter. is a sluice to Ui 
adjustwl to the areii of tlie roof. 1) 
is the outlet for surplus water. In 
modenitely hejivy min the main volume 
of tlio water Hows llirough this sjxout 
I) into the delivery pi|)e IC, running 
round the right hand of the amtci-; 
asruivll proportion only pississ through 
the strainer and out of the sniull lioles 
6 into the funnel F tliat terminates 
in the small hole 0. 

In a very slight min the whole of 
the water fiasscs through the sti^iiiiiers 
and the hole at B into ¥, and when it 
is not enough to ellectuidly w;ish tlie 
roof it all esoiijKJS through <1 without 
nmking the canter move. When there 
Is mure min ilmn can through the 
hole G, it rjses in h^and I^, and a small 
quantity runs over the si<!c of the 
funnel, slowly filling the chamlxjr J. 
When d is lilled to a certain height, 
it ovor*mlancos tlic ciiiitcr, anti makes 
the water run to stonigc through 0, 
as shown in F^. 3. This clumgc in 
position causes the water from B to 
run into T, and corwe to run into P\ 
As the water sinks in F it also sinks 
in L, causing the siphon K to act and 
empty the chamber J. Meanwhile 
the little chamber W is partially filled 
by water running through T, V, \V 
and Z, and its we^ht prevents the 
separator from recanting until the 
water cetw(M to run from tlie roof. 

As soon HS W is empty, the canter 
rights itself, reaily for tlie next ram- 
&11, the riglit-haiul side of the. winter 
being heavier tlia^i %lic left when it is 


I empty. By means of the joipt action 
I of the sluice C and tlie holes at B and 
; Q, the flow of water in the working 
I part of the se])amtor so regulated 
I that the cliamber J in filled to the 
^ canting pointassiKMi sis a certain quiui- 
tity of min (a gallon,‘more or less, on 
each 100 Sip ft.'of nH)f) has fallen, 
eitlier (|uick]y or sl(>wly. Three slides, 
marked I, 1^, ami 2, are ^nt with 
each se^tamtor; if the dostinatiun of 
the 8(']iamtor is not known, the slide 
marked 1| is usually put into its place 
at B, Jiiul file other two kept under 
the lid at the top. The one marked 
1, intended for* use in the countiy, 
allows alsmt one gallon ; and the one 
markwl 2, for city use, allows about 
I two gjilloiis for wasliiug eacli 100 ik[. 
ft. of roof. 
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llAZOJt Pastk—Rbfmreration. 


Kazor Parte. Refrigeration. 

Hazor Paste. — (1) Mix ihie emery (See edito I iitviNO and DKsiccATiNa, 
intimately with fat and wax until the FJticKZlNO MrxTiriUiS.a/irfPKESBBV- 

proper couHistence is obtaineil in the TNG and Protkcting Foods, Etc.) 

paste, and then* rub it well into the 

leather strap. T’rel»are the emery by j 'Thk mtxlern development of the an- 
poundinp thoroughly in a mortar the j liydrous ammonia process (described 
coarse kind, throwing it into a largo ; below) has so completely simplified tlio 
jug of water, and stirring well. Ini- ' ‘Ddustrial ajiphcjition of cold, that all 
mediately the large jiartioles have ' proce.sse^. such as i)pere fully de- 
sunk, pour off into a shallow plate or ^‘^ribed in previous editions of “ Work- 
basin, and let the water evajioratc. ['bop Iteceipts,'’ are now of very little 
This emery is lietter for engraving and interest, since wherever power is ob* 
other purposes than Hhat prepared at i tainable, coinjsvct and inexpeuaive 
the emery mills. j J>lants are in service, carrying out 

(2) Levigated oxide of tin (prepared *5uch work with a minimum of atten- 
putty powder), 1 oz. ; powdered oxalic ! ^i"*^ 

acid, i oz. ; jKiwdered gum, 20 gr. ; j blbng the re*juireiiient.s of the very 
make into a stiff fiaste with water, and | siDalle.st shops or industries, 
evenly and thinly spread it over the | There still remain, however, in use 
strop. With very little friction, this ®'*cli inethod.s ns are described below 
pa.ste gives a fine edge to the razor, ! forccKilingandcluariiigtheair,required 
and its efficiency is still further in- buiklings where ventilation is 

creased by moistening it. carried out by meclianical means. 

(2) Emery reduced to an impalpable Cooling Processes.—Fig. 

powder, 2 jiarts ; spermaceti ointment, ^ sliows what may lie considered the 
1 part; mix together, and rub it over pnwtice adojitcd in cooling air 

the ytrop. by water, when as is the case in towns 

(4) Jeweller.s’roi^c, black-lead, and desired to filler the air at the 

suet, equal pirts; mix. time. A suitable cellar or 

(5) Flour emery, 2 oz. ; neat sfoot ‘'bamber is cHbsou for the outer air to 

oil, 2 oz. ; glycerine, 2 dr. Tho- b^st enter, the «air con^g through 
roughly rub Uigethcr ami i»ck into either simple holes or grated openings, 
small Ixixes or tul>es. It will keep a important to see that this air pro- 

year. ceeds from a sweet source,as the cooling 

(<>) Diamond razor paste • Ullow, filtering process will ii8t remove 
'2 oz. ; iKJtroleum jelly, f) o«. ; coke, odours. It would not do, for instance, 
ground t<i flour, 2 oz. Hub into a ^ ^be supply of outer air come 
paste and till into tubes. » stable yard. Across the cellar 

near the middle, either direct across or 
at an angle, as may be best suited (the 
sketch shows the latter) is erected a 
coke screen as shown. This reaches 
the side walls, the floor and ceiling, so 
tliat no air can pass around it. There 
u from 8 in. to 12 in. tluckncss oi 
coke, this being held by wire netting 
or lattice on each side. The coke 
is broken to 1 in. size and well washed 
tieforo being filled in. At the top of 
this ijcreen a space is left clear of coke 
and here are nTa two or throe hori- 
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zontal pij)e8 jiicrccdVith Kinall holes; this case, ]>rovi»hi8 or makes up the 
and at ouo end, these pijies are joined liuuiidity that the air, after l)eing 
to a c^ld water service (prefeniMy u heated, is hi need of. 
main service as liaving the cohleet 2. By ErnporaiUm of LiqniiU. —(«) 
water in it) tliis service having a skip The evajKiration and re-comleniiation of 
or control valve in it to repulak' the a li<|jiid may be utilized in two ways 
quantity of water falling on to and for the production of <i(dd. Typical of 
{•erciilating through the coke. At the the first inetluHl is the well-known 
iiase of the screen is m^wie or cut a lalx^mtory anunoniaapparatused Cam?, 
(channel to take away llie wjisU* water. This (‘(uisists of two vessels, #hich may 
A side or cross section is as Fig. r>, ho called u and /», cajmble of resisting 
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and it will be noticed tliat where tlie consi^lerable pressure, and joined by a 
water-pipes are, at top? the screen lias pipe. TJie first step in the process is 
solid sides^ the netting commencing the preparation of liquid ammonia, 
lielow this point. This is done to Vessel« contains a solution of ammonia 
prevent air passing through alwve the in water, and is artificially heated; b 
coke. ^ is kept cool, and the air is effectually 

Tliere is not the least doubt that a excluded, if there be any leake^^, by a 
screen constructed on this principle is water jacket, and in it the ammonja 
more effective as a cooling agent, and condenses under the pressure caused 
offers \(S8» resistance to the air, than a by the heat of a. When sufficient 
wet woven frabric; wliile tlie constant ammonia is condensed, a is transferred 
flow of water mokes the screen self- to a vessel of cold water ; the ammonia 
cleansing. vapour is rapidly absorbed by the cold 

Means adopted to induce the air water within the vessel a. Under the 
movement are scarcely within the reduced pressure in 6, the ammonia 
province of this article, but it may be boils, absorbing much heat and pro- 
stated that they are two, viz. a current ducing considerable cold. The second 
induct by heated chimneys or ducts, meth^ is the exact converse of the 
or a current induced by a mechanically condensing steam-engine. In the 
driven air propeller. It may also^be steam-engine, water is converted into 
added that this form of screen is used Bt^m»in.a vessel at a high tempera- 
when buildings are warmed l:^. heated ture ; it expands in the cyl^der of the 
ur. The screen ^lars the air, and, in engine, losing a portion of its treaty 
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wlJch bficomes UHefii) inoclianical 
work ; it tlioii piwscw <.o a hccoikI vcHsef 
mtui^tained at a lower leniptirature and 
pretisure, in which it is condensed, 
giving up tlid lialance of the heat it 
absorbed in the boiler. Iniagin<^ Iho 
water replaced by ether, the teiniiera- 
ture of boiler and condenstsr appropri¬ 
ately lower, ami the direction of 
rotation (A the engine reversed by the 
application of external power, so that, 
in f{u:t, it becomes a pump. The ether 
evaporates in the coudeuser, absorbing 
heat and causing cold; the ether 
steam passes to the pump, wliere it is 
comprassed, convert^g mechanical 
power into heat, and, under the pres¬ 
sure exerted, it is condensed and 
forced at a liigUer toniperatui'c and 
pressure into the vessel corresponding 
with tlie steam boiler, where it gives 
up its heat as may be arranged. Upon , 
the choice of the liquid used will i 
depend the pressure and temperatures ! 
in the two vessels or chaml>ers. At 
32^ P. (0° C.), the tension of water 
vapour is 4 • 6 mm. mercury ; of ether, 
183’3; of sulphurous anhydride, 

1165 • 1 ; of ammonia, 3162 * 0. To pro¬ 
duce 1 litre (If pints) of water vapour 
at 32?'F. (0° 0.), re(iuire 0'0029 units 
of heat, the unit being the heat re¬ 
quired to raise 1 kUo. (2*2 lb.) of 
irater 1® C.; to produce 1 litre of 
ether vapour at the same temperature 
requires 0*073 units. At 32^ F. 
(0° C.), each stroke of a pump will 
abstract by ether vapour nearly 30 
times as much heat as by water vapour. 
A glance at these figure shows an 
obvious advantE^e in using liquids 
having low boiling-points; a pump of 
small capacity will remove a large 
quantity of he&t, but all such sub¬ 
stances are too costly to be wasted, 
and are offensive if any of the vapour 
escapes. Water presents obvious ad¬ 
vantages, in the fact that we need not 
care what becomes of the vapour when 
condensed. But the use of water 
demands the power to produce and 
maintain a near approach to. a perfect 
vacuum; ,the Iwrometric pressure 
mutt be reduced from Uie normal of 


hIhuiI 760 MM. of mercury, to less 
tliaii '1, mid for every unit of heat re- 
move<l, at least *350 litres of vapour 
must be withdrawn and condensed. 
Water may l»e used in either of the 
methoils already mentioned. It may 
lie used in a manjier exactly corre- 
siKinding with Carre’s ammonia appar¬ 
atus, the water hiking tiic place of the 
; ammonia, and some hygroscopic sub- 
' stance, such as sulphuric acid, taking 
the place of the water, the prwisures 
of course being always very much lower. 
Or if we can find a sufficiently perfect 
pump to produce and maintain a 
vacuum of less (ban 4 mm. of mercury, 
wo may realise iho prt>cisG reversal of 
the condensing steiun-engine ; but to 
produce any ijuantity of ice, the pump 
must not only be very perfect, but 
liave a good ca|iacity. A combination 
of the two methods answers Ijest. 

I (Dr. Hopkinson.) 

Anhydrous Ammonia Prin¬ 
ciple.—Tt is claimed that some ninety 
]:>er cent, of the practical and large 
freezing plimts now in use are worked 
on tins principle. The refrigerant 
possesses the impoi'taut .advantages of 
a low liquefying pi'essure and a high 
critical tem|ieratur‘(.^ this latter j|>ro- 
perty enabling it to be employcxl in hot 
cliujates where Yhe temperature of tl)e 
cooling water is mdte or losp high. 

A firm making a speciality of the 
complete apparatus reijuirecl in this 
work is the Pulsomeler En^neering 
Co. Ltd. of Heading and Lonuun, and 
the following matter is extracted from 
a very useful publication that can be 
had from them. 

The appiiratus eniployoil is that re¬ 
quired in wliat is known os the am¬ 
monia-compression [irinciple. The 
chemical used is pure anhydrous am¬ 
monia (NHj)—not Aijua Ammonia— 
which can he purchitsod in almost 
every port of the world. The use of 
tills i^ent mak«j the apparatus easy 
to handle, vviiile only requiring a 
moderate working pressure; and 1^ 
using specially constructed fittings 
there is. hardly any loss of ammonia. 

The action of machine is as 
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followM.—If li(jni(l anliydrouR am- 
mouia, under ])reMHurc, bo allowed to 
expand into a vessel (tkc refriKorator) 
the liquid becomes a gas and the pres¬ 
sure fidls. This action produces in- 
tense etdd, which may lx‘ used cither 
for refrigerating or ico-inakiiig, Tf 
the ammonia gas l>e tlicn coitipresscd, 
and the heat, wliich is given oil* n*- 


water c<K»ljng, or they may l»e phvcctl 
ilircs^t in a nsnn to (^ool the air. 

Kig. () wiir give a general idea of (ho 
action of the miwhine, aiy.1 it will be 
seen that the system is simple and 
free from complications. 

Before deriding <»n»a plant, it is 
first necessary b) ^letormino the re¬ 
quirements, and to decide which of 
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moved by co4)ling it witli water, it. 
l^?ain Ixicomcs a liquid, and l.he oi>er- 
ation coniiimes as first descrilsid. 
The machine for coinj)r(*ssmg the gas 
is called the compressor, file apparatus 
for cooling ^he hot •ammonia gas is 
called the condenser, and the vessel 
in which the cold is pnxluced is adled 
the refrigerator. Tlie intensity of 
the cold w controlled by varying the 
expansion by means of a cock between 
the condenser and the refrigerator. 

The compressing pump may be 
driven by any form of available motive 
power. 

Ihe condenser is formed of lengths 
of wrough-iron tubing, and is placed 
either in a tank and cooled with water 
—when it is called a submerged con¬ 
denser—or it may liavc water trickle<l 
over it, in which case it is called an 
evaporative condenser. 

The Refrigerator generally consists 
of wrought iron coils, and these are 
employed either submerged in lirine 
(aa for ice-making %r in water for 


the following opersitions will meet the 
ca.’^e :--TeeMaking, Freezing, Chilling, 
Cold Storage of (hxxls, (’old Storjige 
of Ice. Artificial ic<“ can lx* pnxlucwl 
in a variety of sizes and of tw() classes 
—(‘itlier crj'stiil or ojKujue.. One of 
thetliroe following inetluKlsis usually 
iwlopted :— 

Can Icc .—Opaque or Cry.stal. 

Cell lec, —Crystal. 

Plat^ A,r.—Crystd. 

Can Ice .—In this system (the 
cheiipest) the water to ^ frozen is 
placed in mctil moulds, miwle either 
of galvanised iron or leade<l iron—the 
latter Iwing cheaper but not so <lurable. 
When ordinary water is frozen in these 
moulds the ice produced is- hard and 
opaque, but it is quite good enough 
where the ice is to Ixj used only for 
cooling, such as fish preserving, ice 
creams, and icc lx)XOs. Clear icc can 
also be ma<le in Ciuis. 

'Hie sizes of blocks manyfactured 
in ice cans vary from \7 lb. W yOO Ih. 
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SUuKliird nizoK, l,(>f'(!tlinr with the 
aveninetimo taken to freeze one Mock, 
ar(} ‘^iven in the following ttvhhi i— 


Weight of' 
Klock. 

•Size of Pan' 
at To|}, j 

l4ei)gth. 

i 

Tlnio of 
Freezing 

U>. 

it), 'in. 1 

ft. in. 

Hotiro. 

17 ' 

7 X3 

2 6 

.*1 

.56 

7}X'} 

3 7 

12 

f)0 

22 x:ij 

2 f. 

12 

112 

22 xr» ; 

6 10* 

21 

200 

22 x8 

3 10* 

50 

224 

IS X9 

4 7 

60 


It will l>e seen fn>in the alx)ve tljat 
the kirgcr tin* Mock of ice re^juircil, 
the longer the time ti\ken in freezing ; 
anil cMmwoquently the initial lirut cost 
of the ice tank will l»c grojiter. This 
«houl«l be remembered when deciding 
u|>on an insWlation. The mnaller 
the size of block, the cheaper the 
plant. 

Vlair Can Jcc. -Clmr ice can be 
made in moulds, by either; (1) Agi¬ 
tating the water (not distilloil) during 
freezing; (2) Using difitilbnl water 
(rmwle i>y condensing the exliaustateain 
fiom the engine) for filling the ice 
mould. 

The first'inothoil is only usctl where 
it has lioon decideil to use the can 
system, and where distilled water is 
unobtainable—for example, where gas 
or oil engines are used and there is 
110 steam. Several plants have been 
supplied oil this syst,em with satisfiw- 
tory results ; but where ixwsible we 
prefer to use system 2, usually calleil 
‘‘making ice from distilled water.” 
The steam codling from the engine 
driving the compressor is condensed, 
then jiassed to a re-boiler, where all 
the gases and air containoil in the 
water arc expelle<l. The hot water 
is then conveyed to a cooler, whei^e 
it is reduced as much as possible in 
tempemture, nnd finally, after passing 
thrviugh a cliarcojU ^filter, is- used ftir 
filling thecmoulds. With reasonable 
QarS in iianiUing, the ice produced is 


clear, briglit, tnirfspireiitand |)erfectly 
pure anil wliolcMnne, iuiil is sold for 
table use. FWwers, ti.di or game 
pkmed in the moulds Iwfore freezing 
cjwi Ixi frozen in, and sliow clearly 
tlirfiugh the ioc when the block is 
formed. The first cost of this system 
is greater than when making ojxujue 
ice. 

Cefl he .—In this system, commonly 
called “ Siddeley Cells,” the ice tanks, 
which are generally iiuule in units, to 
hold, when fi'ozeu, or 6 tons, are 
rnaile to turn out blocks of clear i(;e 
weighingeither; Ti cwt., and measuring 
12 in. by 150 in. by IS in. ; or 6 cwt., 
and mejisuring 12 in. by JiS in. by 
f>l in. The tanks are inaile of wood, 
and arc fitted with a scries of longi¬ 
tudinal and tnwisverse hollow l>rine 
cells of inet-al, tlmmgh which cold 
brine is kept constantly circuIaU’d. 
Th<“ water to lie frozen, which does 
not rcijuire to lie ilistUled, is placed 
between these cells and is agitated 
during the process of freezing. The 
ico jjToiluceil is iKsiutifully clear, and 
lias the mlvantiige of iieing in Luge 
sizi* blocks. Hy means of a sjKrial 
arrangement’, hot brine can aftrerwanls 
l»e circulated thnmgh the cells, thus 
tluiwiiig off the ice fn>m the colls and 
enulding the idb to lx* Hfteil. On the 
avenige a fi-toii Uttik, nialfiiig^ f* cwt» 
blocks, takes four days to freeze up, 
so that for a plant turning out 5 tons 
of ice per 24 hours, four tan^s would 
lie requii'ed, and it is therefore usual 
when making ice on this system to 
arrange for a plant having an output 
a multiple of five, and also it will be 
seen that this system is not applicable 
to plants of less than 5 tons capacity. 
The first cost is very much higher 
tlian any of the foregoing, but it lias 
the enormous advantage of producing 
veiy large, clear blocks of ice. The 
working expenses are about the same 
as for clear can ico. 

Plate he .—This system produces 
tlie very best ice that can be manu¬ 
factured, and is superior to the finest 
Norway ice ever imported. Tlie blocks 
product can be liib^e up to 16 ft. by 
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8 ft. by 10 in. t»* M in. thick ; no i 
(liHiillatioii is nciMlotl, onlinary w.U.er 
l)uiu{' used, the inij^urities falling to 
the iottom of the tiink. The hmks, 
\vhicl> are of witmght irtni, are ilivkUsl 
into comjiartnients by hollow wails, 
and the ice is fornietl on these walls. 
Tlmmgh these, cold l)rine is caused to 
circulate, and the water in l)etween is 
kept inoviiig by niejius of jvuldles, 
whereby all air is lilterated anti the 
impurities are thrown to the Itotlom j 
of the tank. ! 

To thaw the ice oiT, warm brin(‘ is 
circulatetl in tlie hollow walls, thus 
n.‘leasiiig tlu' ice from th(‘ frt'oziug 
plates. This system is only applicjvhle 
to the larger size of plants, say from 
T2 tons upwanls. The outlay and 
cost of production are alsmt the stuuc 
as for cell ict‘, and lH>th classes p()ssess 
the Jidvanhtgti, that, os distilleil w.iter 
is not roquiretl fttr their manufacture, 
the engine ciui math* etmtlensijig, 
and a correBpontling economy in fuel 
ctlected. 

Locjil contHtions must, to a great 
extent, determine the chiss of ituj to 
Ite made, the chief lunong them lx*ing 
the nature .anti tjuality of ice being 
matle, or sold, in the district for 
winch the ]>laut is roquiretl. 

For ctKtling purpose, only rough ice 
is re(|uir(j}l, and Wie chejijtost way of 
protlucing this is in ctins or moulds. 

Ft)r iminetliate consunjption small 
blocks are desirable ; for long journeys, 
or whore the icc is not rct|uirod im¬ 
mediately, larger blocks are rccom- 
meutloil—about IJ to 2 cwt. 

For abroad, where clear icc is re- 
<]uired in small (juuntities and where 
a steam engine cannot be usetl, nioultls 
with agitating gear is the best system 
to adopt. 

Chilling.—Cooling goods to a tem¬ 
perature not lt)wer tlwn 35'^ F. is 
termed dulling. 

Freezing.—(^>oling below the above 
temperature is termed freezing. 

Cold Storafif oftioodH .—Cold storage 
of goods is the keeping of goods Ibliat 
have l)een either chilled or frozen. 
Tlie best tempei%.ure for storage is 


I di'k‘imine<l l*y tin*- c.liuss of preduce 
(sec pvge 13). 

1’he dt^ree t»f insulatioji (htr pre- 
ventiiigincrejisoof tcmiwrature) should 
lx* (leiej'tiiiiieil by stiiking a IwUance 
liotwecn tin* interest on the firet cost 
of insulation and the cost of kwplng 
the ston* cool.. For example, witli 
first-ckiss insulation (which is expen¬ 
sive) tin* mjwhino will orily l)a\c to 
run, siy, 12 hours out of tin*21 hours ; 

I but with iH)or insulation the imw^hine 
j must run every hour m the 21 ; ami 
if for any reason a stopjtage occurs, 
the t<*miH‘j-}klure rises, with the risk 
I of sfxaling (he^(Hxls in the store. 

Miscellaneous Methods. The 
following arc the methods of cotding 
cold stores or refrigcndiiig chamlxjrs, 
togetlicr with their advantiigi^ ami 
disadvantages:— 

(1) Urine pij)i*s alone. 

(2) I)ii-<*ct ex])ansion ammonia pipiis 

ah*ne. 

I (3) Brine air cooler and air circu¬ 
lator. 

(J) Direct (*.\ji;uisi(in cooler and air 
circulator. 

(.^») Rjxjcial accumulator system for 
small stores. 

lirim' Piprs Alf/>u \—In tliis system 
wrimght iron galvanised pipes, 2" 
inside (liaimdcr, are placed on the 
ceiling of the store to be cooled, and 
j are conneete<l at the ends either by 
bends or headers. The pipes are filled 
with a solution of cold brine supplied 
fn>ni, the refrigenvtor of the ice 
inacliine. The cold brine is circulated 
by means of a pump, and after iMwsing 
througli the pifres ndurns to the re¬ 
frigerator to 1)6 again CM>oled. This 
system has liecn most successfully 
adopted, and is generally used either 
on lx»ard ship or in bo^n factories. 
It has this lidvantagc, that when the 
machine is slopfxxl there is always a 
store of cold brine in the pipes, which 
will keep the room cool for a consider¬ 
able time witliout running the machine. 
Tliis, however, •costs more than the 
direct expansion system, as a refri¬ 
gerator is required in addition te the 
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brine pi[«*s. With (bo jvloptinii of 
Uiis method, it should be)K>ni<‘ in mind 
tfiat the brine pipes fp-iidually be ,‘ino 
coated with frozen nioistut'O, which lias 
to be removed by juuwiiig hot brine 
thniURh tlie pifaw. This opomtion in¬ 
volves the sU)p|>a{?e of the cold room 
for a short period. 

Direet E'Xpamiimy Amiiinnia Piprx 
Alone. —It fs desirable in some owes, 
say as in l)^?er l>eer fcrmeTitinp; rooms, 
to use direct ex|)ansion cooling pipes, 
ami in this case htaivy lap-weldod pipes 
^lul colls un^ placed on the ceiling and 
ammonia ex]uuidod in them. This 
makes a sound sul)st‘vnj'ijd job when 
constructed with a system of wrought 
iron headers, tliis system lieing })er- 
fcctly tight and free from lejikjige. 
Of course no other refrigerator is 
recjuired lioyond the exi>ansion pifics. 
But the same trouble may be ex|)eri- 
enoed as above, viz. :—That tlio pipes 
become coatctl with snow, and must 
lie thawed olF with hot ammonia. 
This system is, however, cheaper than 
No. 1, but has no reserve of cold, the 
cooling action ceasing with the stop¬ 
page of tlic compressor. 

Jirine Air Ooofer and CirevJator ,— 
This system is undoubtedly the liest', 
although tlie most expensive. Wrought 
iron galvanised tubes are arranged in 
a scries of coils in a wallcd-off pvrt of 
a store ; cold i>rine is circulated 
through these coils and (be air of the 
rooms is circulateil by means of n fan 
over these coils and tlirough all the 
rooms. Wlicn tlni coils get snpwctl 
up, the fans are stopfXHl, and cold 
brine is pumped over thorn, wliich en¬ 
tirely clciinses them, and, when clean, 
the fans are started again. The iu\- 
vant^^es are:—A clear, cold atmo¬ 
sphere ; areserveof cold when thopUint 
is stopped (the fan can lie still kept 
runuiug) ; entire safety as to the pre¬ 
vention of tlie brine used in cleansing 
being carried thorough the air ducts 
to jtt^visiouB. The disadvanU^ is:— 
extra ct>st, due to extra refri^rat-or 
* and brine pump. * • • 

Direct Cooier and Air 

CHiyntatarp—T^ system is the one 


most gonondly adob(-cd, and consists 
of a series of wrought ir on coils placed 
in a wallud-(>(f jXirtion of the cold 
stores. In those coils the ammonia is 
allowed to expaixl, thus producing 
cold. A fan or air projieller is used in 
connootion with worslen air duets for 
cij'culu(iiig a largo volume of air over 
(he co()ler, aiid tlinrugh the air ducts 
U> any rcKnn. The warm air rejiches 
the fan by air ilucts from the various 
rooms, and, passing over the refri¬ 
gerator, is cooled. By means of a 
centrifugjil or sj)arge pump, a supply 
of brine continually circulates over the 
freezing coils, keeping them fi*eo from 
snow, and at the Siime time cleansing 
and drying the air. The atmosphere 
producwl by lliis system is perfectly 
clear and dry, and the tempemture 
Ciin easily l)e rcgulate<l in any room 
by means of slides placeil in the air 
ducts. This system is cheap in first 
cost, and, if thoix>ughly well looked 
after, is very gmwl, hut it must be 
htuiie in mind that the brine usisl for 
cleaning the cooling coils is lialde 
be (airried along the air ducts ami de¬ 
posited on the meat, and further, 
when the plant is shut down there is 
no reserve of cold. 

Avcmi’^diitor Syntcni .—This is a 
special system dorflgned for small stores 
for keeping mojit and* fish, apji also to 
reduce the necessity of running day 
and niglitcoutinuouslyandon Sunilays. 
Briefly the systeiri is this : ^ 

The store to be cooled is divided 
int ;0 two aimpartments, one for fish 
ami one for meat. Aliove the fish 
store is pjaceil a wrought iron tank 
filled with brine, an<l tliis tank is fitted 
with an expulsion coil, forming the 
refrigerator. The expo^ uuder-sur- 
face of the tank is sufficient to keep 
cool the fish store. The meat store 
is fitted with a scries of brine coils 
kept suppled with cold brine from the 
refrigerator tank, by means of natund 
circulation, and is also fitted with a 
fan apd air trunk for drculating, puri¬ 
fying and drying the air. These coils 
are kept .clean by means of a small 
sparge pump. 
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Wlien the inacliihe in Htoppod, the 
large amount of eol«l stored up in the 
refrigerator tank the fifth store 

cool by means of its exj)ose<l under* 
side, and keejw the meat etorc cool by 
the natural circulation in the cooling 
j)ij>e8 f)ljiced in it. lly this arningc- 
ment the fish is kept at a lower tern* 
pciniture than the meat. 

This system is thoroughly cincient, 
and has given excellent results in 
practice. 

Motive Power.—The question of 
motive power is an all-iin})ortant 
matter for consideriition, tlw^ ol>jocts 
to be kept in view Ijeing economy in 
fuel and maintenance, combintsl with 
a reasonable first cost and immunity 
from breakdown. Interest on first 
e^wt and depreciation must !« con¬ 
sidered siinultimeouKly with economy 
in fuel, for if tliis latter be pushetl 
too for, tlic Sieving in fuel will l»c more 
tluin alisorl>ed by tlic former. 

The usual sources of power arc as 
follows :— (tiu, on, Mffctririty, 
and (The latter, wliicli is 

cheapest, is so wddom available tluit 
it will not Ik? (HuisidenHl here.) By 
reference to the btble of H.I*. required 
for various outputs, tht? following 
information will determine which is 
the cheapest form of ftiotive |H)wcr to 
employ (exclusive«of first cost). 

Ooal.—2 lb. of arc re(piired l.o 
pnsluce I imlicjkted horse power for 
one horn' with a compound mndamng 
steam engine of a fair size. 

2 to 2| lb, will be required if the 
engine be non’condmmuj 

4 to 5 lb. will Ite n?quir^ for a 
rimple high pressure steam engine. 

These results may be considerably 
improved by the employment of high 
j>reBBure suporhoateil steam with or 
without triple expansion. 

Glas.—16 cubic feet of gas aw? re¬ 
quired for each horse-power hour. 

Oil.—1 pint of crude oil is consumed 
for each horse-power hour. 

Electricity.—Electricity is sold* by 
the Board of Trade “ Unit,varying 
in price from 2d^ in ^d. 


1 unit will produce alnmt 1 horse- 
pt)wcr liour. 

Without knowing all the conditions 
for any jiarticularjob, it is impossible 
t<» advise as to the l)est form of power ; 
but the following information, in 
midition 1o what Jtas lieen stated 
alKiv(*, will Ik? /)f asaistiwice to the 
intending purchjuM?r. ■ 

Tf cloj^r iec is required the con- 
dcnso<l water method, it may bo ad- 
visalilo to employ a com|)ound non- 
condensing stmui engine, using the 
exhaust steam fur the clear ice making. 

Wliere ice storage is in view, elec¬ 
tricity is often^ the cheapest form of 
powoi'. most electric supply com- 
pmies l)cing willing to gnml very 
clie4>p rates for |K)wer during t)jo day 
time (it is only for this period of the 
2-1 hours tliat the storage of ice re- 
(|uireH power). 

A good water supply has an imiior- 
tant lK?aring on the sc'lection of motive 
power; whether for condensing the 
steam from the engine or the ammonia 
in the ammonia condenser. Water 
always re<1iic(?s the costr of running, 
and it may l)e further remarked Uiat 
the cooler the water the smaller the 
plant for any given output. • 

roWKU KKQUIBED KOK IcF-MaKINQ. 


\lVight of ice inaile per 24 liours. 
Appn?ximate horse-power required. 
(Eflective.) 


10 cwt. ' 

I IS cwt. 

11 toim.^ 

3 tong. ^ 

5 ions. 


1 4 H.P. 

' 8 I 1 .P. 1 

I 2 H.P.| 

18 H.P. 


lOtonB. i lb tons. 
_ I _ 

2BH.I*. j 32H.P. 


30 tons. 
42 H.P. 


2 b tons. 
62 fl.P. 


If water u avtulable at the mere 
cost of pum|nng, it is best to use 
condensing engines and submerged 
gas (jondensera,* and possibly non- 
condensing engines, l^ants have 
been arranged where the ^gin& has 
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Iieeti cuadciising and the ice li.-is Itoen , 
made from tlie condeiiBcd exhaust of 
the engine, and this at a water con- 
8um]>tion liardly exceeding the amount 
of water requiml for making the ice. 

Chemicals. — The two cliemicala 
used areohluride o^ciUcium (the solution 
of wliich is commonly called chloride 
or brine) and .anhydrous ammonia 
(NHj), wlacli is liquetied gas, not the 
ordinary atjueous solution known as 
liquor ammonue. 

Brine. -This is the veliicle or medium 
for conveying or appljdng the cold 
produced by the expansion of ainmonuk 
in the refrigenvting coils. It is a non* 
cougealablc solution, alid Is made by 
dissolvingin water chloride of calcium, 
which is obtained in wrought iron 
drums. Ordinary salt cah lie used 
instetul of calcium, but it is not to 
be recommendeil, on account of its 
deleterious ellect on tlie coils and 
tanks. 


Solution of Calcium Chlouidk. 


; Percentage 

1 by Weight. 

III 

CO Z 

O \ 

o 1 

te «■ 

ii 

1 FrwffitnK 

Taint 

•1® 1 

Degnvs Degwee , 
F. 1 C. 

1 ' 

, 1 

1-009 

1 -996 ' 

31 - 0-5 

5 

1 1-0-W 

; -901 

•27-.6- 2-5 

10 

1-087 

i -896 

22 - r.-G 

I.*) 

! MM 

•860 

l.S - 9-6 

20 

1-182 

•834 

-r. -14-8 

2,'i 

1*234 

•790 

— 8 IP 22-1 


The chloride of calcium should lie 
mixed witli the water in a sejiarate 
tank, ao that any impurities may 
float to the top and Iw removed from 
the brine before being used. The 
heavier deposit which will be found 
at the 1x)ttom of the tank must on no 
account be put into the circuit. After 
the plant has been put to work, it is 
well to tost the brino occasionally to 
see if any ammonia is liking into the 
brin^. '^hil may be ascertained by 


incaus of “ Nos8left*’8 Iteagent (to be 
obtained at any cheniist's). 

Ammonia is thg refrigerant or mate* 
rial which produces the cold; it is a 
very penetrating and searching gas, 
and unless the flttings through which 
it passes (such as valves, te^, pipes) 
are of wrouglit iron or steel, there 
will always l)e a lejik sooner or later, 
j with conse(|Uent loss of ammonia. 

I Ammonia Fittings.—^W^ith the em* 

I ploymeut of cast iron, it is impossible 
, t-o secure absoluU‘ and continued iin- 
I muiiity fn)in Icaksigc and its conse- 
• (lucnces. The excessive loss of am¬ 
monia in indiflerontly designed and 
cheaply matle machines is not infre¬ 
quently attriliuteil to the decom|K>si- 
tion of ammoniiv <lue to continuous 
working. Tliat, tins is not the case is 
demonstrated by the fjict tliat when 
proper fittings are useil, little or no 
rcplenisliing of ammonia is required, 
i This is a most important fact. 

I Cost of PrcKluction.—The cost of 
I proilucing varies between limits so 
wide, depending U|)ou tlie conditions 
I and tyjie of plant, that it is not pnic- 
' ticable to give exact figures, but we 
may say generally that witJi latxe 
plants tlie cost, per ton of making ice 
is In. 9fi. and upwards. 

Ammonia reitifier and oil ae\)a- 
! rator.—^Tlve object; vif the rectifier is 
to remove, from the ammonia circuit, 
oil, water, and any other impurities 
I whicli are originaUy present in the 
ammonia, or which gradually find 
their way into it durii^ the working. 
The apparatus is cons^cted so that 
it may bo operated during the working 
of the plant. The <iia^m, Fig. 7, 
is self-explanatory, but a few woi^ on 
the actu^ operation will not be out of 
place. 

The receiver forms f«rt of the gas 
: circuit, and the whole of the ammonia 
I passes through it, any water or oil 
being separated fwm the gas by the 
action of the internal ** dash pipe.” 

The “purging” of tlie ammonia is 
carrieil out in tne following way :— 

Whilst the plant is running on 
' its usual work, tl)^ cock A, between 
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the receiver aud thtf rectifier h o|)enetl. 
This will cause the |)ii)e c(»nnecting j 
themtobecomecold^nd three minutes , 
after this the cock should l)e closed, ' 
and the plant allowed to run on until 
the frost (whicli will gradually apjMjar 
all over the receiver) lias disjipiiearcd. 
The operation of ojiening and closing 
the cock should then lie rejiejited until 
the receiver aj^n liegins to frost. It 


ceiver, and when the Ixittle is three- 
quarters full and the frost disappeared 
(the cock. A being closed), the recti¬ 
fier should lie brought to a tem- 
{lerature of 100° by placing a lamp 
underneath (in the tropics no artificial 
heat is necessary), aipl the liquor drawn 
off. If there is^ no weak liquor or oil 
in tlic machine, the rectifier will frost 
to the bottom at each altewtion. 



will be noticed that on this occasion The oil drawn from the receiver 
the lower portion of the receiver will may be used agmn after filtration, 
lie black, due to the oil and impurities ' 

carried over in the first oijeration. Tabl|;;ofTkmi'kiutuuksfohthkOoli) 
The height of the black jwrtion shows j Stoiuok of vaiuous Ahtjci>ks. 


the amount of impurities carrie<l over | Article. Deg, F* 

into the rectifier. The whole of the Ajiplcs.33-36 

ammonia liquor is not usually otrried i Aspiragus . ■.35 

over at the first or even second time. Bananas.60-56 

the operation must be repeated a , Beef (chilled).33 - 

iiumb^ of times until all the liquor , Beer (in barrels) .... 33-40 

has been carried over, but not sufficient j ,, (bottleil).45 

to fill the receiver more than three- i Berries (fresh).36-40 

quarters full. Sufficient time must I Butter.25-30 

elajisc between the operations to allow Cheese.32-33 

the frost on the receiver to disappear. Dates, Figs, etc.55 

The pointatwluch the frost commences i Egg^ ,. . . . . . 33-35 , 

and the black ends, is an indication Fish (fr^h) . . . ^ . 25-30 

of the quantity liquor in the re- t „ (dried) . . . . - #36 














14 Rbfbiokration : Ice Skating-Rinkj. 


Article. Dt'g. K. 

Fruits (dried). '65 -10 

„ (cttiinod) . . ... . ti5 

(}amc (frozen).25-28 

,, (to freeze) ..... 15-28 

Honey.45 

Leinous.86-40 

Mcikts (fresh) .*.8.5 

„ (cjvunwl). . ‘ . . . . 85 

Mutton (^>zeii) .... 18-20 

Oranges.45-50 

Pcivclies.15 55 

Pears.85 

Poiiktocs.86-40 

Poultiy (fni/on) .... 28-80 

„ (to freeze) . . . 18-22 

Riihj»it« (New Zisdamt frozen) . 15 

Saixlines (csuinoii).85 

Touiatoos.85 

Vegetivbles.85- 10 

Water-melons.85 

Wines.15-50 


Insulation.—The purpose of this 
is to prevent inei'case of tem])eratu»‘e 
fnmi outsulc s(.»urees - to prevent los^ 
of colducHs, it might l>e said, though 
the intnKluet'ion of warmth fwin any 
source or cause is wliat lias to Ijc 
guarded against. Tlie materials (»>m- 
monly useil arc saw-ilust, charcoal-^ or 
slag-wool, though any material tluit 


walls are of hrickll'ork or concrete. A 
good eiukting of waterproof {Ntint is 
first given to present moisture working 
through, then 6 by 2 in. upright 
liattcns are fixed, and on tliese Come 
jf-in. match-lioarding. Tlie boarding 
is commenced at the l>ottoiu, and as it 
rises the iusuhktiiig material is }jacked 
in. Over the first lioarding, when 
finished, is tacked a layer of water¬ 
proof jjajHjr, and on this followsaiiotlier 
lityer of Isxinls ariungcd to “ break- 
joint ” ; that is, tlie joints are ar¬ 
ranged not to come directly over one 
another. 

Ice Skating-Eink8.™Thc pre- 

co<liug matter devoted it) ice-making 
e.\.plains practically everything tiiat 
requires to lie known for the making of 
an icc-rink. One of tlio largest e.stiih- 
lishments of tliis kind in London liad 
for its fi'eczitig apfiaratus an ummonuk 
compression mai'hinc, not of the make 
just described, but working on that 
principle. Us csipsuaty was 12 tons 
|H!r day, Imt one-thinl of tins was not 
needed for the rink (tliis I'cquiring 
refrigerating power equal to 8 tons), 
the lialanco of fsiwcr lieing devoted to 
making block ice and maintaining cold 
storage chamlicrs. The rink is nmde 
by forming a sunk waterpreof floor, 
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answers well as a non-conductor of 
heat will serve. Probably the liest is 
slag-wool (siiic^ite cotton) though it is 
not, of course, so cheap as saw-clust, 
cow-liair, and other orgiknic materials. 

Fig. 8 shows an example method 
of insulation. Very many methods 
can be adoptotl, depending <>n the 
structure of the room or building, but 
ia this ^e it is supposed that the 


capable of taking aliout 6 in. depth 
of water. On ims floor pipes are run 
to and fro as close as they can lie got, 
i.e., with no more space l^tween them 
tliaii is necessary in imdsing the sharp 
return bends in the pipes at the ends. 
The water to form the ice skating sur¬ 
face is run in and covers these pipes 
sufficiently to admit of tlie wear and 
tear of *tlie skates^nd to allow of the 






















Rcraping or pLiitin^ tliat the icc is sub* 
jectcd to about every liour or so when 
it is in use. Aliout 2| in. thickness 
of ice alx)ve the pipes is suflieient. 

. Tire pipes are chai^etl with the brine 
made of ctilcium cliloride, already 
descrilied, luid this is kept circulatin;' 
by a pumj) wliich is continually biking 
tlie bnne lln-ough the ixifrigei’ator. 
The brine used is a stroug solution, so 
that it can Ihj cooled to some di^ecs 
IhjIow zero (F.) or say 35^ to IO’^Ik*- 
low fi'eoziug-|K)ml, and neeiUess to sjiy, 
if the irijKJs in the rink are kept t hargod 
with this, the water surroumling and 
covering the piiies Incomes a very firm 
icc. 

Cooling Syrups, Solutions, 
etc.—The inodenite c^stlii^; of fluids i 
by the effect of a current of cold water 
is an css(!Utial coiuliti«>n •of the con- i 
<lensers attached to stills, aiul this | 
|mrt of the subject will Iw found dis* 
cusse<l under Distillation. Much the 
same principh; is ciiiployc4l in refri- 
gerjitors for cooling brewers’ worts, the 
object Iteing to atbiin the maximum 
ex]K)sure of the wort in the Icjist 
iwssible time and sjwce. 

An equally important but far less 
develo{)e<l ajijdicatiou of cold to solu* 
tions is with a view to sei)aratmg tlieir 
valuable i>ortiou from the accomi)any- 
ing water. On tips subject, IVof. Mills 
remarks*that “theoretically it comes 
to much the same thing whether you 
get a substance separated out by means 
of heJt or cohl. Cooling is effected 
by a heat engine, but universally the 
nature of the substance must have a 
very material influence, and that alone 
may decide as to whether we ouglit to 
apply heat or cold in any particular 
case. Ellis has proved the economy 
in the application of cold in the cose 
of soda sulphate, owing to the peculiar 
property it has of crystallising out in 
great abundance at low temperature. 
In this case, the mere apjdication of 
heat raises no objection, because the 
sulphate is an object which you can 
treat as severely as you please by moans 
of heat. This process, however, is 
very suggestive ^ other ways, for ex- 


I ample, in dealing with orgjunc laxlios, 
t whicli seem to Iw specially proper 
I substances for this treatment. Again, 
; in the preparation of solid paraffin wax 
i from (/be blue oil, cold is cunstoutly 
! employed for tlic purpose ; in fact 
I ever since the gresiter improvements 
in the {Miraflin oil * manufacture have 
I I)eeu ntiule, this lias Ixiuii systematic* 

! ally applicil in order to^xlract the 
I ])ai'affin. It is surprising tluit we liavo 
i not heard more «»£ cold in this way. 
i Why should w'e not purify sucli a 
, substance as carlnilic acid by dissolving 
' It into some suiUble naphtlia, ainl by 
means of col<l sejwirate it again ? In 
this way we vnight liiid some means 
of prejjiiring pure carlK)lic aci<l with 
grejiter nqjidity. Agjiin, polyhasic 
acids might yield simiLir results. Why 
not try the efiect of cooling solutions 
of Isnizoiites ainl tartrates ” 

More than 30 years ago, Knellcr pro* 
jKwed to concentmte syrups by forcing 
cold air through them, and his j)lan 
was much impjoved by Clievallier. 
Sugar uumIc in Clievallier’s ap|)aratUH 
rivalled that of the vacuum*i«ni in 
every respect. A vessel holding 200 
gal. of syrup (composed of 3 j^rts 
sugar to 1 of water) is estimated by 
Wray to turn out 12 tons of si^ar 
daily. The cost of Die apparatus is 
smaJl; the power required is trifling; 
the onlinory air of the estate could 
used in dry weather, and would entail 
an insignificant expense for diying in 
damp weather; mid the quality of the 
I sugar is uiisurptisscd. In 1865, Alvaro 
Iteyiloso pniposed to rapidly cool the 
I syrup in suitable machines, and thus 
! form a confused mass of parDcles of 
frozen water (ice) and demie syniji. 
The mixture is afterwards separate 
in ceutrifugids, and the syrup, deprived 
of ice, is evaporated tn nacuo ready 
for crystallisation. It scorns most 
singular that, in the ffice of the many 
drawbacks and great cost incurred ly 
concoutraDon by heat, so litDe effort 
is made by sugar>grower8 to adapt the 
, cooling system«to their needs, 

KHis*(‘ Jl. Soc. Chem. Ind. ’) has pub*' 
lished the results of his %xperiepce in 
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tlu) iipplicyition of ctniliug to tlic re- could in that time prcnluce cold cap- 
covery of Btxla MulpUato from wiistts ; al»lo of abbtracting 4,000,000 of tl»e 
liquoris. He found tliat IQOjiarts of i aliove thermal units, which is just 
water at91°F. can hold in solution I about ,Y, of the corresponding heat 
412 parts of -stHla sulpliatc .crystals I which the same weight of coal can 
(NjVgSO^+lOHgO); at 80'^ F., 184 | supftly in practice when aj»plied to 
jnurts; at79'’F., 110|xvrts; at77®F., ■ ovaptiratiim. However, in the case 
98 jMvrts ; at 08'’F., 58 jiarU ; at 1 under consideration it would be ciuite 
50" F., 2:3 parts; and at freezing-point unnecessary to make use of artificbl 
only 12 parts ; so that a very slight (H)ld for the whole of the reduction of 
lowering of teiniMjraturcin the case of a temjicrature from 05" F. to 10”F.,a8 
strong solution gives a very ctnisidcr- during a considcnibJe portion of the 
able yield of crystals; a solution year, at least half this c/ioling ctmld Ite 
saturaicil at 94" F. should yield almost lirought alnmt by natural means, and 
97 percent, of the crystals if cooled to as the yield <»f crystals is pro|M>rtiou- 
82" F. Tlie wasto liquor exjKirimcnteil \ atcly much grwvter lietwoen 05" F. and 
on was aUmt wpiivaleut to a solution 50 ' V. tlian Iwtwecn 50° F. and 40" F. 
saturated at 0.5° F., and on cooling it it might l»c found more jMlvanbigetms 
down to 40"F., alx>ut 2*5 lb. of the nt»t to attempt cooling liclow 50" F. at 
salt were always obtained from 1 gal. all. The liquor conUins alsml 53 
of liquor; tliis salt was tolerably jmre, jxvrts of salt to 100 pu-ts of water, 
and by washing it. with a spray of and by cooling to 50° K. 80 of tlnwc 
saturatCfl soluthm of soda sulphate, a parts should lie recovered, whereas 
salt almost free from foreign lK)dies further cooling to 40" F. w<m]d <mly 
was obtained. Some samples wliich yiel<l 8-7 parts more of crysbils. Ellis 
were analysed contained aUmt 0'2iK5r was at fir»t inciinctl U» tliiiik tliat the 
cent, of common salt and 0*04 |ht question of the recovery t)f the salt, 
cent, of iron. The next point to be economically, (smld be wilvcd by tlie 
considered is how much hofit reijuiros use of artificial cold, ])roduce<l by a 
to lie alwtracted from Igjd. of the liquor uiechanicjil refrigerator of such form 
at <>5" F. in order to retlucc its temper- as the 13ell-(’olemau C’o. make, Imt on 
aturo'to 40" F. and to obtain thecrys- going into detiuls of cost un<l working 
talsfromit. Wewillbikeasourllicrmal cxf)euses, he t«ielK almost a»nvmced 
unit tlie quantity of heat required to that a similar result could lie hnmght 
raise 1 lb. of water tlirough 1° F. ; alxiut in another way mucl^more eco- 
Igal. of tholiquor weighs alx>utl2.5 lb. nomically, and he proposetlthc foUow- 
and his a speiuiic hisit of aUml O’85, ing method for the treatment of this 
Bothatr2'5 X 0‘85 x 25 = 265*(> thor- liquor on the large scale. Lefrus first 
mal units must lie extracte<l in juhlition bvke a case when the atmosf iheric tem- 
to that which is given out hy 2*5 lb. of 1 jicrature is alxmt 50" F. or lower, 
salt while crystallising : this may lie The li<iuor could lie run away from 
taken at 250 thermal units, giving a the precipitating tanks in the copi)er 
total of 515*6, to obtahi 2’5 lb. of tlie works into a rcsorv’oir of suitable 
salt. About 10 times this quantity of dimensions, where it would lx; allowed 
heat wouJil require to be supplied to to remain some little time to |x3nnit 
the liqmir in onler to get tlie same of the solid impurities settling out, 
amount of thosaltbyevapiratingit to and also to allow the liquor to cool 
dryness. In order to arrive at an idea down to a certain extent. It could 
of the cost of abstracting heat from a ' then be made to flow slowly and con- 
solution by artificial moans, Ellis con- ' tinuously along a shallow shoot, on 
suited Coleman of the I3cll-C«>lcnwMi | the outside of wliich a current of cool- 
Jiefrigerating Com|>any, and he stated ; ing’water ran in the oppisite direction 
tjiat one of his refrigerators which j to the flow of liquor. In this way all 
conyumed b tuns of in 24 hours the cooling ellect <4 the water would 
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be utiliHetl, and the Jiquor would ilow 
away at the end farthest from tli(‘ 
rcHorvoir at a tciniiejuturo the ««ne, 
or nearly so, aa the* cooling water, 
leaving belnnd it in Uie shoot all the 
soda sulpliatc (irystals, which it w’as 
unable to liold in solution at that tem¬ 
perature. These couhl be fished out 
from time to time without stopping 
the flow of frtwh quantities of Iwjuor, 
and at once taken to a hydro-extractor, 
wliere they could Ix) washed with a 
spray of saturated solution of smla 
sulphate, and dried. In this way 
they would lx; rcndereil almost en¬ 
tirely free from foi-eign IkkIiok, and 
could then bo fumaced and convuittxl 
into salt cake. This direct troalnumt 
could of course only lx* used when the 
temperature of the air and water wivs 
not much alxive if a fair peroont- 
age of the crystals in the liijuor were 
to be recovereil, but as this temjierature 
is considerably below the average for a 
great part of the year, the liquor w’ould 
re<iuire at other times to undergo treivt- 
menl before entering the reservoir, so 
that after such treatment it would bo 
of a strength to yield per gallon at the 
particular temperature, as much soda 
sulphate crystals as a gidlon of the 
original liquor would yitdd at 50*^ F. 
Tills could of course be*brought about 
by a partial ovaporation. Lei us sup- 
pcffle, for instance, that the temperatuni 
was at 69"^ F., and tliat the lujuor was 
of such strength as t«) ha capable (»f 
yielding at 50'^ F. 2 lb. of crystals from 
the gallon. From the table of solubili¬ 
ties at different temperatures, i t is easily 
calculated that by evaporating away 
about 20 per cent, of the water from 
tlic liquor, or about 1 • 4 lb. per gal., a 
liquor would be obtained which would 
give per gallon the same yield at 59^ F. 
as 1 g^. of the original liquor would 
give at 60'^ F., or if the temperature 
were ss high as 08” F. an evaporation of 
40 per cent, or about 2* 8 lb. per gal., 
would again give a liquor which would 
yield the same result. Thus by varying 
the amount of evaporation accordingio 
the temperature of the air and the yield 
of salt required, ai^ required’result 


could 1 k‘ arrivetl at, the limitof course 
lx‘ing whm; the evajmration wjis car¬ 
ried h* the extent <if driving off all 
the water and loiving the <lry sidts. 
Tliis w}i§ the case in th<5 metliod of 
trejitnicnt which was formerly resortoil 
to, and which, from the .dxwe, apjxjars 
to l»o an expensive and, except in most 
exceptional cinmntstaijces, a useless 
metliodof]>rocedure,for,byl}uf inctluxl 
of cxRiliug after pivrtial uvaixmition, 
when the temperature is at 69” F. only 
1 •-! lb, of water re<]uires to 1)e ovafwr- 
aled away in order to get 1'7fi lb. of 
sJilt (that is 2 lb. less 12 per cent. f<»r 
rwluction m bulk of the liquor during 
the partial eva{iorution) in a fairly 
pure fonn, whcrejis by totivl ovayMira- 
tion, that is, driving otralxmt 7 ll». of 
water, only ll'76 lb. of a very impure 
salt is the result, or a little (pvor twice 
tl^e quantity of siUt for 5 tinuis the 
evaporation. JTaving cvapomtcil the 
h(iuor in jiart, it could Ihj run into the 
reservoir and be put through tliesaqie 
treatment as Ixjfore stated. If the 
liquor were run from the reservoir at 
a temperature 30” F. alxivcthatof the 
eoolingwater, theoretically thercwould 
1)0 re(|uir(!d less than twice as much 
cooling water jvk li<|Uor to Ixj treated, 
for frem 1 gal. of li«jUor woigTiing 
12-5 lb., 0-8.6 X 12-5 x 30 = 318'76 
thermal units would have to lie ab¬ 
stracted in addition to 200 thermal 
units for the 2 lb. of sidt while crystal¬ 
lising out, and 2 gid. of w'ater should 
1)C (»pable of alistracting 600 thermal 
units, tliough, of course, in practice, 
rather htore than the tlieoretical quan¬ 
tity of cooling water would he required. 
If it is required that only a given 
quantity of salt is to l)e allowed to 
run away in the final waste liquor for 
each gallon of the original liquor, and 
we Rup|X)se that tliat ({uanlity is fixed 
at w’liat would remain in solution after 
cooling the original litjuor to 50” F.; 
when the temperature is at 59” F., 
in place of having to evaporate away 
1*4 lb. per gal. we should have 
drive off 2*.6 lb.,of water. Taking 
into consideration, however, that the 
liquor is a waste product of pr^tically 
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no value, this latter would not be Ruch 
an econoroical way of working }» the 
former, where a gallon of tlie partially 
cva}M>rated litjuor gave the ttame yield 
of salt as a gallon of the original 
liquor. 

The plant required for working up 
this waste product in tins way would 
be somewhat* as follows : Pi{)ing to 
run the''waste liquor to an evaporating 
pan from the precipitating ^nks in 
the copper worlu, an evaporating pan 
(one similar to those used in the 
evaporation of brine would be suitable), 
a reservoir, a cooling shoot, a small 
tank fur making saturate<l solution of 
soda sulpliate, a hydro-cxtnictur for 
drying and washing the crystals in, 
with small gas en^nc to work the 
same, a furnace for driving off the 
water of crystallisation and converting 
the crystals into salt cake, aiid piping 
to run away the waste li({uor when it 
left the cooling shoot, and to conduct i 
the ooolii^; water away to be used for 
any further purpose to which it might 
be applicable, Ellis concludes with a 
rough estimate of the cost of working 
per day of 24 hours, on the supposition 
that 20,000 grf. were to l)e treated in 
that time, and tliat the average'tem- 
perature throughout the year is 59*^ F. 
For the parti^ evaporation, alout 2 
tons of c<^ would be required at 7«. 
per ton ; say 60,000 gal. of cooling 
water at id. per thousand; 4 men at 
4«. and 4 boys at 2<., to attend to the 
washing and fumAsing of the crystals, 
etc.; gB8forthe^engme,etc'.,49.:rent 
of ground, 5s.; management, 15s. ; 
interest and depreciation on plant at 
15 per cent, say on 20002., taking 300 
working days per annum, 12. ; giving 
a total of 7/. Tlie production of salt 
cake for this, taken at about 2 lb. of 
crystals per gallon, from al^out 17,"000 
gal. (after sdlowing for evaporation), 
should be over 7 tons, making its cost 
per ton about 12. 


Rope-making by Hand. 

(See o/so Tying and Spucino, 
and WiKK Ropes.) 

n^teriala.—A rope consists of a 
number of threads of hemp, or other 
fibre, twisted together by means of a 
wheel, thus forming acl(»ely assembled 
and strong cord. The term rope is ap¬ 
plied to cordageabove I in. in circumfer¬ 
ence and made of hemp spun into yams, 
and a number of these twisted together 
form a strand. Three of these strands 
twisted or laid together is termed a 
hawser-laid n»pe, and 9 of them a 
cable-laid rope. When the rope is 
made very thick, it is called a cable, 
and wlien less tlian 1 in. circumference, 
a cord. Many kinds of fibre have been 
used for rope making, such as hemp 
and flax, tough grass, the husk of the 
coco-nut, the fibres of the wild 
lianana, etc., and animal substances 
liave b^n also used, such as strips of 
oxhide, horse hair and wool, and of 
later years, iron and steel wires have 
been twist^ and plaited into cords 
and ropes of great strength for vuiuus 
purposes. 

The super^rity of the filn'es of hemp 
to those of most plants has caused 
them to be chiefly used :n the manu¬ 
facture of cables, ropes, cords, canvas, 
and sail-cloth. In forming a rope, 
the fibr^ are first spun intr, yarns, the 
I yams into strands, the strands into a 
! rope, and the ropes into a cable. The 
shortness of the hempen fibres (about 

ft. being the average length), re¬ 
quires this complex arrangement. If 
^ey were long enough to form a rope, 
the most advantageous method of 
using them would be to lay the fibres 
side by side, and to secure them at 
the two ends. Each fibre would then 
bear its own share of the strain, and 
the stretch of the bundle would be 
that of the sum of the strengths of 
tlie separate fibres. As a long rope 
could not be formed in tliif way, the 
ends of the fibres are secured by twist¬ 
ing so as to sufficient com- 
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prossion t^o prevent \hc fibres from ; 
eliding upon oich other when u sttuin j 
is applied; but in <itbiiiiing tliis 
amount of conipreKHion by moans of 
twist, the strength of the fibres is 
greatly deteriorated; tliis veiy com¬ 
pression acts as a constant strain on 
the strength of the fibre, and must l>c 
deducted therefrom before the avail¬ 
able strength can be applied. Ii6au> 
mur found that a small wcll-mmlc 
hempen cord broke in different phices 
with 58, 63, 67, and 72 lb., its mean 
breaking weight being 6.5 lb. ; while 
the 3 strands of which it was composed 
bore 29J, 33|, and 35 lb, respectively; 
so tliat the united alisolute stniiigth 
of the strands wjis 98 lb., although 
the average real strength of the rope 
was only 65 lb., the loss of strength 
being due to the twisting. More 
recent experiments by Sir Charles 
Knowles give a nearly equal loss of 
strength by twisting. He found tliat 
a white rope of 3| in. circumference 
broke on an average of several trials 
with 4552 lb. ; while the aggregate 
strength of its yams, 72 in number, 
wiis 6480 Ih. (each yarn bearing about 
90 lb.) ; thus the loss was 1928 lb. or 
about 30 per cent. Tlie strength of 
ropes can ne calculated by the follow¬ 
ing rule : Multiply the Circumference 
of the rope yi inches^by itself, and the 
fifth part of the product will express 
the number of tons the rope will carry. 
Thus, if ^rope l)e 5 in. in circumfer¬ 
ence, 5 X 5 = 25, the fifth of which 
is 5. 

The’ weakening effect produced by 
twisting varies considerably in the 
fibres of the same rope according to 
their distance from the centre or heart 
of the bundle. If a certain amount of 
twist be given to a bundle of fibres, 
the outer fibres, occupying more space 
tlian the inner ones, will Ik) strained 
more, and will act with less useful 
effect than tlie inner ones, which will 
have to bear the greater part of the 
strain while the rope is being used, {t 
isfort^isreason tbehempisfirst twist^ 
into slender yams, and a number of I 
yams into strands^ja&d 3 of these into j 


a ro|X*, the stmin Ixing <*<|UuliHe<l, and 
the importiiiit |iin|nn-(.ie.s(if length and 
strength secured without (<Ht gmit a 
sjicriiw of the strongili pf the indi¬ 
vidual fibres. Moreover, a ro|)e couhl 
not 1)0 at once formed by twisting a 
bundle of fibres together, as when 
left to itiiclf it would immediately l)egin 
to untwist. Tlie stntm lb are therefore 
laid in such a way tliat the ten¬ 
dency to untwist in one jiart sluUl 
countenwt tliat tendency in anotlier. 
Bulimnel has endeavoured to ascertain 
the amount of twist that would jiro- 
(luce the most useful eft'ect. He made 
some ro))es in wbjch only one fourth 
the length of the yarns was alworlied 
in twisting instead of the usual pro¬ 
portion of one-third. These ro|)efl 
when used in shipping w'cre found to 
be lighter, thinner and more pliant 
tlian those in ordinary use. Itopes 
made of the same hemp and the same 
weight per fathom, but twisted re¬ 
spectively to §, I, and of their 
component yarns, supported the fol¬ 
lowing weights in tw'o experiments: 

a . . 40981b. 42501b. 

I . . 4850 „ 6753 „ 

^ . . 6205 „ 7397 

The result of tlicse experiments led 
Duhamel to make ropes witliout twist 
ly placing the yams together and 
wrapping them round to keep them 
together. The rope had great strength 
but not much durability on account of 
the outer covering •soon wearing away 
or opening at bendings, awl thus 
admitting water, causing the yarns 
to rot. These selvedges or skeins of 
rope yams are, however, used for 
tackle where great strength and pli¬ 
ancy are required. 

Preparing the Yarn.—Before 
spinning the hemp into yam it is heckled 
or liackled for the purpose of separating 
and straightening the fibres. The 
heckle is formed of a number of straight 
steel proi^ set in a board with the 
points upwards; they are of various 
sizes : ftlie^smallei^ heckles strip the 
hemp of its short fibres or t®w, when 
^e hemp is said to be croppedf ami'is^ 
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used for line work, or for spinning 
below the usual grist, as it is called, 
the usual grist being a rope 3 in. 
in circumference, with 20 yarns 
in eacli strand. In the process of 
heckling, a quantity of hemp sufficient 
for spinning into one yam 100 fathoms 
long is first weighed out, and the 
heck lei; holding the fibres at one end, 
throws the bundle loosely over the 
points, and pulls it gently towards 
iiini: a nuiulier of fibres is retained in 
the heckle, and by repeating the pro* 
cess they are all rebuned. He ilien 
lifts up the whole bundle, and passes 
^^in through the heckle, the o{)eration 
being assisted by the application of a 
small quantity of wliale oil to the 
points. The fibres, thus separated, 
and made tolerably parallel, are tied 
up into a bundle called a tow of hemp, 
weighing about 3^ lb. Heckling 
greatly improves the appearance of tlie 
hemp, converting the hard knotted 
mass into a loose silky skein. 

Spinning.—The filires are spun 
into yam in a long ro{)e>walk of GOO 
or 1200 ft., one end of which is called 
the head, or fore-end, and the other 
the foot, or back-end. At one end is 
a ^inning-machine, Fig. 9, consist¬ 
ing of two upright posts witli a wheel 
between them, the band of which passes 
over several rollers or wheels, Fig. 10, 
turning on pivots in br^ holes, the 
pivots projectii^ and terminating in 
small hooks, so that turning- the 
wlieel the hooks are nuule to revolve 
rapidly. Posts are arrai^ed at equal 
dist^ces on each side the walk, and 
between every pair of posts a rafter is 
extended across; hooks are driven 
into this rafter for the purpose of 
supporting the yams as they are spun. 

The number of whirls iu the spin- I 
nh^ machine ^uerally about 12) de- j 
termines the number of siuniiers that 
can work together. E^h spinner 
wraps round his body a bundle of 
hemp sufficient for the spinning of one 
thre^ of yam, b^ug care tliat the 
Ught or double of the isHn front, 
the two tods passing behind his back. 
He d^WB out from the face of 


bundle as many fibres as the size of 
the yarn r^uires, and, twisting them 
between his fingers, attaches the bight 
to one of the whirl-hooks, while the 
wheel, being turned by an assistant, 
gives the twist or turn to the fibres. 
The spinner hohls in his right hand 
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a piece of thick woollen cloth, with 
this cloth he gra^ the filH^es as they 
are drawn out, and presses them firmly 
between his two middle fingers, walk¬ 
ing backwards all the tim^ from the 
head to the foot of the walk, occasion¬ 
ally making a s^^nal with liis left hand 
to tlie wheel-man to turn fast or slow 
as may be required. He regulate the 
supply of fibres with his hand so 
as to make the yam of equal size, 
drawing back some if they enter his 
right hand in too great a number, and 
putting forward more if the supply i& 
not sufficient. He does not allow the 
ends of the fibre to come near t<gether, 
but distributes ih»m in a kind of flat 
skein, so that the yam may have a 
uniform streugrii throughout. The 
thickness of Uie yam depends on the 
quantity of hemp which passes through 
spimmr’a hto^ in a g^en. time. 
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and on the rapidity Vith which the 
hook is made to turn. The spinner 
walks heokwards at thg rate of about 
two miles an hour, and as tho yarn 
iucmises in length, he throws it over 
tlio hooks on the under side of tlie 
rafters, which are placed 5 fatliums 
apart. When the spinner has got to 
the lower end of the walk, and his 
length of yarn is sufficient, it is de- 
taolie<l from the wheel and fastened 
to a reel, the spinner holding the end 
of life yam (for if let go it would un- 
twist) and m the rceler turns the reel 
the spinner walks slowly in, keeping 
the yam equally tight all the way. 

A giHxl workman will in one day 
spin 8 quarters, or 48 yams, each yam 
160 fethoms in lengtli; and as tlie 
spinner has to traverse the whole length 
of the walk twice for every yam, once 
in spinning it out, and b^k again in 
reeling it in, he has thus to walk 
nearly 18 mil^ in the course of one 
day’s work. 

lio|)e yarns are commonly h*om ^ 
to rather over ^ in. in diameter, and 
160 fathoms of white, or unhured yam, 
weigh from 2§ to 4 lb. 

Wlieu a number of spinners are 
working from the same wliecl, each 
fastens Ids thread to a wliirl, and they 
all proceed togetlier dov^i tho walk ; 
each man thawing fats yam on one of 
the hoolu of each rail as he passes it. 
When they arrive at the foot, they 
join the ends of eveiy pair of yams 
and hang them over the posts; and 
in order to be able to separate them, 
a pi^ of twine is tied by the middle 
to the first pair a little in advance of 
the post; the second pair is then put 
over the pewt, and a string is tied over 
them, and in this way every is 
tied in. This is called nettling. The 
spinners now set-ou at the foot or 
li^k-end wheel, and spin up the walk. 
The forward wheebman having un¬ 
hooked the yams from the whirls of 
hfe wheel, and hung them over the 
ts, and tied them in pairs at the 
k-end, procee<l8 down the walk col¬ 
lecting the yams from the hooks.. 

If tl^ cordage is tq be tarred, the 


process of tarring the yarns fe now 
introduced. Tarred coraage is con- 
riderably weaker than untarrod, but 
it fe better calculatetl to resist wet. 
It loses its strength gradually in cold 
countries, and rapidly in hut climates. 
According to Duhamel^untarred ropes 
sustaine<l a greater, weight by nearly 
' 30 per cent, than tarred ropes; and 
he states that wliite cordage,•in con- 
staiit use, fe ouc-tliird more durable 
than larre<^ tliat it retains its strength 
much longer when kept in store, and 
resists tho action of the weatlier one- 
fourth longer. Conlagc when only 
tarred on the surface is smd to ro 
stronger tlian whefi tarred tlu^)ughout. 
Messrs. Chapman, of Newcastle, have 
stated that the rapid decay of taired 
corch^e fe due to the presence of the 
inucil^e and of tlie acid of the tar, 
which they propose to remove by 
boiling the tar with water and boucen- 
trating tho washed tar heat until 
it becomes pitchy, restoring its plas¬ 
ticity before use by the admixture of 
tallow or oils. 

Preparatory to tarring, the yams 
are warped into a haul; that is, they 
are unwound from the reel or roller, 
and stretched straight and parallel, 

' when 300 or 400 yams are assembled 
in a lai^ group or haul, about 100 yd. 
lo^. This haul is dip|)ed into tor 
heated to about 212® P. in a copper or 
tar-kettle, and is then draped toreugh 
a hole, called a grip, or gauge, or slidmg- 
nipper, which presses the t^ into the 
yam, and removes the superfiuoua 
portion. The tar must not be«too 
hot, or the yams will be charred ; nor 
too cold, or they will be black ; they 
ought to be of a bright brown coloiu*. 
The proper temperature fe judged of 
by the cl(»img in of a scum over the 
surface of the tor. 

Laying into Strandi.,>-The 
yams either tarred or untarred are 
next twisted or laid into strands, 
the twist of the strand being in an 
opposite direction to that of the yams, 
in order* to. couutduct the tendendy 
of the separate yams to uut^t, aim 
that the yarns in their tun» ma^ 
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couuteract the tendency of the strand 
to untwist. The laying walk niay be 
under the same roof as the spinning 
walk. It w j)rovided with tackle- 
boards and wheels for twisting the 
strands, an<l stakes and stake-heads 
for supporting them. The tackle- 
board, Mg. 11, .for twisting large 



strands is fixed at the hood of the 
walk ; it consists of strong upright 
posts 8up|K)rting a plank pici’ced with 
holes wliich correspond U* the immbei’ 
of strands, generally three, of which 
each roiKJ consists. Winches or fore¬ 
lock hooks work througli these holes. 
One of the smaller wheels for laying 
the smaller stminls is shown in Fig. 
12 j it is supported on a strong post 
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at the beads of tlie walk : the axes of 
the pinions are prolonged into hooks, 
and the ilriving wheel is, worked by a 
winch.. The strands lu^ aupportwl 
♦by Jieaius or stake-heads placed at 


intervals along *the walk ; each stake- 
head, Fig. 13, contains a number of 
upright pins, between which the 
strands are placed. The yarns, as 
they are run out for laying, are first 
80 cui*ed t^) posts at the head and foot 
of the walk, and as they become 
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shortened by being twisted into 
strands, they are afhjrwaids attached 
to movable sledges, Fig. 14, situated 
at the foot of tlie walk. The upper 
jxut of the sledge, calle4l the breast- 
board, corresponds to the tackle-botud, 



Fig. 14. *■ 


Fig. 11. The sledge « loaded with 
prei«-barrel8, i.e. old tar-borrels filled 
with clay, for keeping it steady, and 
iron weights are also used for the 
pur]K)8e. 

Sujiposing now that the yam is 
proi)erly worpedfor layinginto strandb, 
it is run out along the bearers o! the 
laying walk, and the number of yarns 
r^iuired for the rope is counted, and 
divided into three separate portions, 
each portion being placed in one of 
•the divisions of tlw bearers, and hung 
upon the hooks of the t^kle-board 
and sledge, ^^he sledge, is pulled 




23 


Eopb-makiso : Laying into Strands. 


backwards to strctci^ the yarns tight, 
and the press barrels are put on. The 
yarns are now examined to see-that 
they are of equal length and properly 
stretched ; the hooks at each end are 
now heav^ round in a contrary direc¬ 
tion to the twist of the yam, and in 
this way the three bundles of yam 
are formed into three strands. By the 
consequent shortening of tlte yarns 
the sledge is diawn forward some way 
up the walk. When the strand is 
full-hM^, or has enough hard in it, as 
it is termed, the twisting is discon¬ 
tinued ; the sledge is moved forward 
to slacken the strands, and to allow 
of their being taken olf the hooks. 

The three strands thus formed are 
laid or twisted together into a rope; 
for which purpose thoy arc attached 
to the middle hook of the tackle-board, 
and then placed in the grooves of a 
conical block of wood, Fig. lf>, called 



a lop, through which passes a pin fur 
the liandles or woolders as they are 
called. «A piece of soft rope called a 
tail is attached to each wooldcr by its 
bight in the middle, while the ends are 
used to secure the rope in layii^ the 
strands. Tops of various sizes are 
used, and when a top is of very large i 
size it is supported uri a sledge. Now | 
the tliree st^ds being attached to a 
hook of the breast-bwird, and then 
continued along the grooves of the tup 
as in Fig. 16, the top is forced back 
as near tiie hook of the slei^^e us pos¬ 
sible, and the men at the hea<l again 
turn their hooks in the same direction 
as before. As soon as the sledge 
be^ns to move forward, the men 
diminish the load-on the sledge, and 


turn the hook in a direction contrary 
to the former, ly which mains tlie top 
is fmx^ forwaM; the three etran(& 
dosing behind it as in Fig. 17 form 
the rope. The reason for tumii^ the 
single hook containing the ends of the 



ViQ . 16. 



tliree strands in a contrary direction 
to the three hooks to wliich the other 
extremities of the strands are attached 
is to regulate the progress of the twists 
of the strands round their common 
axis, that the three strands may re¬ 
ceive separately at their opposite ends 
just as much twist as is teken out of. 
them in cunsequeuce of their beii^ 
twisted the contrary way in bring laid 
together. When the top is some way 
off from the slodge the tails are 
wrapped round the rope, and they by 
their friction prevent the top from 
moving by jerks and also emiblo the 
rope to close better. In this way a 
ro{>e is formed ty twisting three strands 
toother. It be seen that the 
st^ds unite into a rope on one side 
of the top and are kept separate on the 
other and that as the rope is 
formed the top is gradually dnven 
forwanls. The motion of the top re¬ 
quires to be regulated so as to ensure 
equal hardness in the rope : the top- 
man, therefore, before putting in the 
top, makes a mark across the strands 
of every beam; if, wlusn the top 
reaches a b^m, the mark be above the 
bearer, the top-man knows that the 
turning at the foiptop has been too 
fast; if the mark be below, he knows 
that the tumingjl^ been t^ slow. 

In Zayihg a very thick rope, the men 
may not able to turn 4he hook of 
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the to which the strands are 

attached; but they ai« aHsisted by 
other men, who apply woolders at 
intervals between the sledge and the 
top: the stmp of each woolder is 
wrapped round the ro|)e, and the pin 
is us^ as a lever to heave round the 
.twist. The men at the woolders keep 
time in heaving with the men at the 
hook of li^ie sle^ ; and in the case of 
heavy ropes the top sledge is used to 
support the rope. 

In laying the strands it is necessary 
to vary the pressure at different parts 
of the process, and also the angle at 
which yams take their position in the 
strands; the angle which the strands 
assume in forming a cable also require 
attention. In making a cable of 100 
fathoms, for example, the length of 
the strands should bo 11)2 fathoms, 
and should be laid at an angle of 27°; 

is given until each strand is 
shortened the leugtli of 10 fathoms, 
when the ai^;le must be 37°. In 
making the strands the sledge travels 
24 fathoms, and the angle then made 
should be 32°, In laying the cable, 
the length of the strands thus formed 
amounte to 118 &thoms, and the 
angle when hard should be 40°. The 
length of the cable when finished is 
generally 101 fathoms; the strands 
enteri:^ with an angle of 35° while 
laying, and finishing at one of 38°. 

With regard to the press^we^hts on 
the sle^e: those for the strands of a 
12-inch cable begin at 60 cwt., and 
when the length of 5 &thom^ is at¬ 
tained, 10 cwt. is subtracted, and at 
7^ fathoms another 10 cwt. is removed; 
so that the press, when the strand 
is hard, is 40 cv^.: but if it lays 
weU another 10 cwt. is removed 
fm* the remaining distance. In laying 
the cable, the press begins at 160 cwt 
this is reduced 10 cwt. at 1| fathom ; . 
stnother 10 cwt. is taken off at 2 
fathoms, and when the cable is ob¬ 
served to lay well, another 10 cwt. is , 
removed, leaving a press of 130 cwt. 
for the rest of the cable. , 

The twutiog of three sirands to¬ 
gether ^ &ie manner described forms 


what is called a hawser-laid rope: tliis 
is called tlie first lay. llie second 
lay is fonned wi^ four stranck, produc¬ 
ing wliat is called a shroud hawser- 
laid rope. The four strands are laid in 
the same way as the three, and under 
tlie same conditions; but in order to 
render the n>pe solid a core-piece, 
consisting of a few yams, is run 
through the centre. The tliini lay, or 
cable-lai<lrupe, consistsof three hawser- 
i laid ropes, each formed of three large 
: strands, twislcwl or laid together into 
I one gigantic rope or cable. This, 
however, is now seldom made, the 
chain-cable having taken its place ; 
but as cable-laid ropes ai'e very hard 
and compact, ro{)e8 of no very great 
size are ma<le in this way, if intended 
to resist the action of water. 

Where great pliability is required, 
ropes are formed by plaiting instead 
of twisting ; as for clock-lium, sash¬ 
lines, and generally where ropes have 
to )iass over small pullies. 

Flat ropes, used for mining purposes, 
are fonned of two or more small ropes 
placed side by side and united by 
sewing, laitping, or intertwining with 
thread or smaller ropes. Flat ropes 
are also formed by similarly uniting a 
number of strands of sliroud-laid rope. 
In either case the component rof)es or 
strands must be alj'^mately of a right- 
hand and a left-hand twist, or the rope 
would not remain at rest. 

The Weight of Cordage may 
be calculated by the followinjfrules:— 

For shroud or liawser-lmd rope, 
multiply the circumfm^nce in inches 
by itself ; then multiply the product 
the length of the rope in fathoms, 
and divide by 420, the product will 
be the weight in cwt. 

For cable-laid cordage, multiply its 
circumference in inches by itself, and 
divide by four. The iHt)duct will be the 
weight in cwt. of a cable 120 fathoms 
long, from which the weight of any 
other length may be deduct^. 

Care of liTew Hope.—New ropes 
are bad to deal with at first, owing to 
their tendency to twist, or, perhaps 
we should say untrvist, or iin^y. It 
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ifl difficult to un(x>U ft coil of rope with¬ 
out getting it full uf kinks." When 
practicable the coil o| roi)e should be 


loft taut for an hour, and then reeved. 
Hopes used with a thimble eye are 
safer than when ropes are siuug over 




placed on a roller, and the end walked | 
away with. Hopes intended for rav¬ 
ing “ tackles " should be well stretched 
first. In order to do this, lay the 
rope out to its full length; connect 
one end to the bairel of a winch, and 
the other end to a holdfast, with a 
swivel-eye to admit of the rope unty¬ 
ing itself. As the winch is work^ 
and the rope made taut, it will begin 
to unlay; continue tlie strain up to 
the “ working strei^^h " of tlie ixJpe, 
according to the following table of 
“ working strength," when it^y be 


I Tabi.b of Hawsbr Laid Cobdaqk. 
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hooks, or fastened by knots. The 
hook of a block will soon destroy a 
rope under great pressure. It is true 
economy to use eyes where possible 
and convenietft. In addition to the 
“knots” given under “Tying and 
Splicing,” the following will be found 
useful in connection with blocks. 

C (Fig. 18) shows a “ selvj^ee ” f^med 
of retumk of spun yam in a circle 
bound togetlier, They are used prin¬ 
cipally for attiKihiug the hook of a 
tackle, the “selvagee” being passed 
round the object and hooked into the 
tackle. To make a “ selvagee,” place 
two pins at a distance from each other, 
equal to tlie intended length of the 
*' aelv{^^ ; ” wind returns of spun 
yam round the pickets until the 
“ sclv^ee ” is thick enough ; tlien 
bind them together by h^-hitclies, 
with the running end at a distance of 
Ij^ in. apart. 

D shows the ap[>lication to a rope. 
Lay the middle ]tart of the “ selvagee ” 
over the rope, then bring both bights 
under and around the roi)e in opposite , 
directions, until ^ bights are close, 
then place the hook in both bights. 

£ shows a double bend, us^l for 
bending a small rope on to a larger 
one ;*it will be noticed that the smaller 
rope is passed twice round the laigcr 
one. In F' the bend is drawn taut. 

G shows a block hook, with a few 
turns of spun yarn taken round in I 
order to prevent its clearing itself when ! 
hooked to anything, and is termed 
“ mousily ” a hook. , 

H is a fisherman’s bend. Two com¬ 
plete turns are taken round the ring, 
cn* other object, through the two turns 
next to the rin^, over its own standing 
part, thus forming one half-hitch; the 
second half-hitoh is taken round the 
standing part alone. 

I is a rolling l>end. To make it, 
take a half-bitch with the running end 
round the standing part, lash them 
together just beyond the bitch, and 
suse the end to the standing part; 
each pait is exactly riike. It ii^some¬ 
time called o,*‘ hawser ben^.” 


Rubber Stamps, Rubber 
Type ‘and Rubber- 
Stamp Ink. 

(See also Inks.) 

Thk matter or letters to be re¬ 
produced arc first sot up in clean-cut 
metal type, which is then thoroughly 
oiled. A rim or guard about A in. 
high should then be placed around the 
form and with a camel’s-hair brush a 
thin cream of j)laster-of-Paris is laid 
over it, to exclude all air bubbles. A 
thicker paste of plaster is then poured 
over the form, filling in the guard or 
the rim up to its edge, and it is then 
set aside to harden. Alum water is 
often lued to mix the plaster, as this 
makes a lianler mould, but it lakes 
Bomowliat longer to set. Wlien the 
mould has thoroughly stiffened, it is 
removed from tlie type and 2 )la(^ in 
a ihr, hot place to become well hard¬ 
ened. The mould is now fitted in a 
frame of suitable size, and a strip of 
sheet vulcanised rubier of the right 
size and alx)ut I in. in thickn^ is 
adjusted upon it, and the whole is put 
into a screw-clamp and heated slowly 
until the rubltor becomes soft-enough 
to be forced into tjjie letter spaces of 
the mould by tightening the screw. 
The rubber should be allowed to remain 
in the press at l^t 24 hours, and 
until it becomes quite cold. 'Kie sheet 
rubber used for this purpose is usually 
but slightly vulcanised, having had 
about 3 per cent, of sulphur kneaded 
into it with rollers wliHe subjected to 
a vei^'' high temperature. After the 
impression has made, therefore, 
it is necessary to add a greater propor¬ 
tion of sulphur, to insure the required 
! hardness in the type. This is done 
' by immersing the rubber, which has 
been separate from the mould, in a 
mixture of 30 parts of bisulphide of 
carbon and 1 of chloride of. sul- 
phhr. This is exposed to a temp^- 
ture of from 70® to 80° F. imtil all 
the Idshlphide of caybon has volatilised. 
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and is then immei^ in a boiling al¬ 
kaline solution—^made by dissolving 

9 01 . of caustic pojjash in 1 gal. of 
water—^for a few minutes, and after a 
subsequent washing in clear, tepid 
water, is made quite ready for use. 

Bubber Stamp (1) The 

usual rubber stamp inks are prepared 
with water, soluble aniline colours and 
glycerine. A good formula is given 
by Dieterich. Aniline blue, soluble 
in water, 1 J5, 3 pwl«, distilleil w»»ter 

10 parts, pyroligneous acid 10 parts, 
alcoliol 10 parts, glycerine 70 parts. 
Mix iittimately by trituration in a 
mortar. (The blue should be well 
rubbed down witli the water and the 
glycerine gradually a<lded. When a 
solution is effected, the other ingredi¬ 
ents are by degrees added.) Other 
colour^ are produced by sul^tituting 
for the blue any one of the following : 
Methyl violet 3 B, 3 parts; diamond 
fuchsin I, 2 parts; methyl green, 
yellowish, 4 parts; Vesuviu B (brown), 
5 jsirta; Nigrosin W (l»lue-black), 4 
parts. If a bright-red ink is required, 
3 parts of eosiu B B N are used, but 
the pyroligne()U8 acid must be omitted, 
UK this would destroy the eosin. Other 
aniline colours, when used for stamping 
ink, require to be acidulated. 

(2) Dissolve 1 ozt of aniline dye 
(any colour) in $ oz. of water and 2 
oz, mcttylited epiiit. a/so 

Inks). 




RusTiNd AND Corrosion 
OF Metals. 

(See also Bronzikq, Enakellino, and 
Preservation and Storing.) 

Some sut^tances are applicable to the 
preservation of most metallic surfaces, 
and may therefore be montiebed before 
dealing with those wliich can bo ap¬ 
plied only with discrimination. Sum 
may bo said to consist chiefly of solid 
hydrocarbons in combination with 
liquid hydrocarbons, etheric or fatty 
oils. Amongst the solid hydrocarbons, 
preferably ind%-rubber, paraffin, and 
ozokerit are used; wliilst among the 
liquid hydrocu-bons and oils, ratified 
petroleum, ligroiue, and turpentine-oil 
are preferably applied for the manu¬ 
facture of the above composition. A 
valuable combination is produced by 
melting 1 part of pamffin under mode- 
nvte heat (about l.’50° F.) in a clos^ 
vessel, and by then adding and mix¬ 
ing 2-4 parts of rectifled petroleum, 
ligroiue, or turpentine-oil with the 
melted paraffin. According to the 
greater or lesser quantity of liquid 
which is added, the consistency of the 
composition varies. It can bo applied 
to the surface of the metals by means 
of a stiff brush. 

Copper,—The corrosion of copper 
by oxidation pn exposure to the mr 
takes place very slowly, the metal 
becoming soon coated with a skin of 
carbopate commonly called “verdi¬ 
gris," though that name is correctly 
applied to a basic acetate of copper. 
This familiar film on the surface of 
exposed cupper constitutes a protec¬ 
tion agunst further oxidation. The 
action of salt water on copper which 
is also accessible to the air is rapid, 
but may be in some degree modffied 
by alloying a small proportion of phos¬ 
phorus with the metd. Dr. Pengr 
has made the i^inark that f(»;; m<a« 
than a century European metalhirgiste 
havq been fauriliar with small thin 
bars of cast copf>er, of Japanese manu¬ 
facture, which present a, beautiful 


^8 Rustino and Coeeosion : Galvanised ton. 


ro8e-coloured tint, due to an extremely 
thin and pertinaciously adherent him 
of red oxide of copper, or cuprous 
oxide. This tint is not in the least 
d^ree affected ‘by free exposure of the 
bars to the atmosphere. He had 
such bars in his {xissessiou for more* 
than 30 years, and although they have 
been freely exposed to the atmosphere 
during the whole of tliat period, yet 
they Imve not undergone the least 
change in appearance. Every one 
knows tliat when a piece of onlinary 
copper is exposed to the atmosphere, 
it sj)eedily aajuires a dark-coloured i 
tarnish. Hence the conclusion that 
there is some peculiaftty on the sur¬ 
face of the Japanese copper, which 
protects the underlying metal from 
atmospheric action, and tiiat pecu¬ 
liarity, it may l)e demonstrated, is 
the presence of a film of cuprous 
oxide, in a particular physical state, 
which acts like varnish. The bars of 
Japanese copper are actually cast under 
TOfcter, the metal and the water, pre¬ 
viously heated to a certain d^ree, 
being poured at a high temperature. 
When copper is so cast, under suitable 
conditions of temperature, it acquires 
a coating of cuprous oxide, which acts 
in the manner described. The tem¬ 
perature is such that the so-called 
spheroidal actiou water comes into 
play, and the metal flows tranquilly 
under the water. The supei^cial 
oxidarioQ is probably due to the action 
of a film of steam, which there is 
reason to believe surrounds the cop¬ 
per under these conditions; and when 
copper is heated to a high temperature 
in steam, the latter, as shown by 
Regnault'fi experiments, is decom- 
po^, with the evolution of hydrogen, 
and the iformation of cuprous oxide. 

Galvanised Iron.— Messrs. 
Samuel Courtney state that the best 
coating ior galvanised iron is a good 
quality of bitumen solution, free from 
dl adds. 

Iron and Steel.—Tlie clifierent 
wieties of iron and* steel will not 
oxidise (rusf^) in dry air, or When 
wholly immersed in fresh water free > 


from air, but th^ all do so when 
exposed to the action of water or 
moisture and ai^ alternately. Very 
thin iron oxidises more rapidly than 
tliick iron, owing to the scales of rust 
on the former being thrown off as soon 
as formed in consequence of the ex¬ 
pansion au<l contraction from alterna¬ 
tions of temperature. Iron plates are 
more durable when united in masses 
tliau when isolated. Tlie oxidation of 
iron is to a groat extent arrested by 
vibratiem. Tlie coin|)arativc liability 
to oxidation of iron and steel in moist 
air, iujconling to Mallet, is— 

Cast iron .... 100 
Wrought iron . . .129 

Steel.133 

Ca»t Iro7i <loes not rust rapidly in 
air. When immersed in salt water, 
however, it is gradually softened, 
made |>orous, and converted into a 
sort of graphite. Mallet found tliat 
the rate of corrosion decreased with 
tlie thickness of the casting, being 
during a centu^ depth 

for castings 1 in. Uiick. Steveusou 
found the decay to be more rapid tlian 
this. 

WrmigJU Iron oxhlises in moist air 
more rapidly than cast iron. The 
evidence as t<) its rate of corrosion in 
salt water is rather contradictory, 
llomiie found that it corroded less 
quickly than cast iron, but Mallet’s 
experiments showed tliat it corroded 
more quickly. 

Steel riuts very rapidly in moist air, 
more quickly but more uniformly tlian 
wrought iron, and far more quickly 
than cost iron. Low shear steel cor¬ 
rodes more quickly than hard cast 
steel. Recent experiments show that 
steel immersed in salt water is at flrot 
corroded more quickly than wrought 
iron, but that its subs^uent corrosion 
is slower, and the total corn^ion after 
a long period of immeruon is less than 
tliat of wrouglit iron. 

C<ut Iron Pipes .—fci the course of 
a paper read ly MoKlroy before the 
Western Society of Engineer, On the 
causes oX corrosion m cs^t-ironipipes, 
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the author observed that a ftroniiiient 
cause of corrosion is the class of mate¬ 
rials used, and also the method of the 
manufacture of pi{)eg in ordinaiy 
foundries. In the first place, a cheap 
and easily melted pigis selected—speci¬ 
fications and the inspection of (juality 
and mixture not being strict—and the 
costings (for convenience of handling) 
are geuer^ly made in greensand moulds 
laid at a slope of about 10® from the 
horizontal. Impure metal is therefore 
run in a way tluit aggravates its defects. 
The core tors are coated witlj straw 
ropes, wluch nn»y l)e more or loss soft 
and loose, coated with loam more or 
less soft and wet, and sprinkled with 
sand. 

If not very carefully wedged, these 
bars will rise; an<l they are seldom 
stiff enough to resist the up>\’ard pres¬ 
sure of the molten metal. The usual 
spring at the centre for tlie core of an 
8-in. pipe is in.; or ns much as 

in. with a 6-iii. pipe. The metal, 
poured in from the upper end, first 
fills the lower section of the mould ; 
and as it rises round the core to fill 
the upper section, its weight springs 
the bar upward to the extent indicated, 
making the casting tliicker at the lower, 
and thinner at the upper aide. Tlie 
denser, hotter, and purer metal fills 
the lower portidn; the’ impurities 
naturally floating upward to settle in 
the thinner metal as it cools. Here 
^ther i^rtions of the sand coating of 
the mould; while the bubbles of the 
metal, caus^ by the development of 
gas the vegetable matter of the 
loam, and from its dampness, tend to 
perpetuate themselves in blisters and 
air cells. 

The usual defects in these cheap 
castings are, therefore, inequality in 
thickness, air cells and blisters, sand 
holes, cold chutes from cliilled metal, 
and mixtures of sand and iron. Such 
pipes are also frequently out of line, 
from the effect of unequ^ contraction. 
Hpes of this description are pecuil^ly 
liable to corrosion; containing as they 
do mixtures of metal of different 
denriti^s, to^tl^^Jhrith much graplute. 


The duration of such pipes in the 
ground is largely affect^ by the 
amount of disturliance they reoeive. 
If well laid at a good depth, and 
thoroughly liacked, they may continue 
serviceable for many years ; but their 
defects are likely to become suddenly 
prominent upon com^iaratively slight 
external jnt^erence. In favour^le 
circumstances they may lasf more thui 
thirty years; but the majority, if 
tested ^ter less use, will show flaws 
that would iiave ensu^ their rejection 
if dele(;ted when new. 

Gruner 1ms lately published the 
results of a ye^’s researches into tlie 
comparative oxidisability of cast iron, 
steel, and soft iron, under the influ-. 
euces of moist air, sea water, and 
acidulated water. Having done justice 
to the earlier labours of Juliet, 
PhilU{)s and Parker, he explains the 
arrangements made to secureaperfectly 
fair ti^. The followii^ r^ults were 
obtained. The experiments with 
moist air are still proceeding; but, so 
far, it was found that in 20 days the 
steel plates lost 3-4 grm. for every 2 
sq. decimeters of surface. Chrome 
steel rusted more, and tungstated steel 
less, than the ordinary carbqretted 
steel. Cast iron lost only about-half 
as much as the steel, and spiegelelsen 
less than grey iron. Bea water dis¬ 
solves iron rapidly, and acts upon it 
more powerfully than on steel, moet 
powerfully of all upon spi^leisen. 
In 9 days the steel plates with 2 sq. 
decimeters of surface lost 1-2 grm. 
wliile Bessemer metal lost 3*5 grm., 
phosphorised iron 5 grm., and sjaegel- 
eisen 7 grm. Tempered steel was lees 
affected than the same steel twice 
annealed, soft steel less than chruxoe 
steel, and tungstated steel less than 
the ordinary steel with the same pro¬ 
portion of carbon. It is evident 
these .experiments that manganese 
sheets ought not to be used on the 
hull of a vessel. Acidulated watw- 
dissolves cast iron much more n^idly 
than steel, but dot speigeleisen. (‘lit 
MetaSluigie.*) • ^ 

In rusting of tronsthefis m 
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formed, together with an evolution of 
hy<lroge« (which oomlnnes with nitro¬ 
gen, forming a siriall quantity of 
ammonia), fe^us carlxtnatc. This 
olwnges very quickly into ferric 
hydrate, mixed with ferrous, oxide, 
and enclosing some unaltered ferrous 
carbonate. The presence in rust of 
ferrous ^xide, * carbonic .acid, and 
ammonia is thus explicidde. Bust 
formed under water is, in consetjuence 
of the smaller amount of acid present, 
usually richer in protoxide of iron, and 
therefore a little magnetic, and of a 
deeper tint than that formed in air. 
It is accordit^ly assumed that the 
carbonic acid present in the atmos¬ 
phere and in water acts, in the pro¬ 
duction of rust, similarly to those 
adds in which iron dissolves, the only 
difference being that, in the rusting of 
iron, the ferrous salt first formed 
changes, before it is dissolved, into 
b^c ferric salt or ferric hydrate, 
which change is a natural result of the 
solution of iron in an insufficient 
quantity of the acid or water present, 
or both, l^e (lenser the iron, the 
smoother and more even its surface, 
the less is tlie contact between it and 
the attacking substances, and, under 
otherwise similar conditions, so much 
the better, of course, will it witlistand 
rusting. If the latter has begun, it 
promotes ito own further formation, as 
rust, like other porous bodies, absorlis 
gases and therefore bvkes up moisture 
and acids from the air. Besides, where 
rusting lias already li^un, the*change 
from the first-formed ferrous com¬ 
pound to ferric hydrate is attended liy 
a settii^ free of the active add, wliich 
is then in a condition to act power¬ 
fully in the formation of fresh rust. 
Rust already formed must therefore 
be quickly removed, in order that a 
new ^y'er shdl not be produced. 
Rittting, bdng promoted by adds 
gris ti ng in the air, is also accelerated 
by those present in water, and for tliis 
reason iron is destroyed more quickly 
in marshes and bc^s than in l^es or 
considerabie currents of water,* wliich 
ore generally oompaiatively free from 


acids. The tendency of iron to rust 
is also increased by sonic salts dissolvoil 
in water. Tbua it is explaiucil why 
pieces of cast iron can, by long immer¬ 
sion in sea water, be chimged to loose 
masses, retaining the same outward 
form, hut consisting essentially of 
carbon. Iron which has i>eeii meta¬ 
morphosed in tliis manner contains 
more carbon in profwrtion to tlic com¬ 
pleteness with wliich the iron itself 
has been dissolved. The moss, when 
taken out of the water, ^sissesses a 
low specific grarity, and such gi-eat 
porosity tliat a condensation of aii- and 
simultaneous rise of temperature take 
place, sometimes sufficient to cause the 
spontaneous ignition uf tlio whole. If 
a substance negative to iron, such as 
scale, tin, etc., pirtially covers its 
surface, the portions coated are of 
course prolecte<l, but the uncovered 
portions arc only so much the more 
liable to rust: therefore, before coat¬ 
ing pieces of iron with oil-paint one 
should free them from all scale by 
the action of dilute acid. If, as ap¬ 
pears to be the case, contact with im- 
puriti^ renders iron positively elec¬ 
trical, their existence in its interior 
must also promote rusting. Thus, 
forged iron ap^rs to rust first along 
the bands of impurity occurring in it. 
A {^tial coating ofa meta],positive to 
iron, such as zinc, not only protects 
the covered portions of the iron, but 
also hinders the rusting of tl)^ unpro¬ 
tected parts, the more completely, 
indeed, the smaller they are. A coat¬ 
ing of fat also protects iron, for some 
tame ; but when the fat, by absorption 
of oxygen from the air, has become 
rancid and in part chan^ into fatty 
acids, the tendency of the iron to rust 
is inoi^ased. Prom the pwi; which 
^Ivanic influences take in the rusting 
m iron, it follows that those substances 
positive to iron, which, when in mere 
contact with it, prevent it from rust¬ 
ing, profimU. the same if th^ are 
allpy^ with the inm,. because such 
alloys are in ^neral more positive 
than iron i^lf. Thus, manganese 
alloyed with iron firomotes tl^e ten- 
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dency of the latter V rust. So long, 
however, a8tlie(|uantityof maugiineHe 
is uniform and not Un) large, its cflect 
in this direction is inconsiderable. If, 
on the other liaiul, the quantity is 
uniformly distributed, the rusting of 
the portions of iron richer in manga* 
nese, and therefore more j> 08 itively 
electrical, must l>c greatly promoted 
by contact with those parts poorer in 
manganese; hence the jiresencc of un* 
equally distributed quantities of man¬ 
ganese appears to largely augment 
the tendency of ironto rust. Associa¬ 
tion with electro-negative substimccs, 
such as carbon and phospliorus, dimin¬ 
ishes the tendency of iron to rust, 
if the ({uantities of the electro-negative 
substances be evenly distributcil 
through its wliole mass. But iron 
poorer in metalloids in contact will) 
iron richer in these bodies liecomes 
more positively electrical, and tlms the 
rusting of the poorer portions pro¬ 
ceeds more rapidly. Sulphur is an 
exception among the metalloids, inas¬ 
much as it promotes rusting. Forged 
iron rusts more easily. With an in¬ 
crease in the amounts of carbon, sili¬ 
con, and phosphorus present in iron, 
the tendency to rust diminishes, so 
that cast iron is the more capable of 
resistance to rusting, ulbcordingly as it 
contuns iQore corniced carbon, sili¬ 
con »Qd phosphorus, anti becomes 
denser. Qrey cast iron is, as is well 
kifown, i^rer in combined carbon and 
less dense riian wliite. Both charac¬ 
ters induce a greater tendency to rust. 
Perhaps the mechanically-contained 
graphite ^o contributes to this, os 
^vanic action may arise from its con¬ 
tact with the iron. In spite of its 
lower density and the contained gra¬ 
phite, grey cast iron withstands mat¬ 
ing better than steel, altliough the 
amount of combined carbon in the 
latter is probably at le^t as large as 
in tl^ former. This is probably ac¬ 
counted for by the greater freedom of 
steel from rilicon and phosphorus. 7^® 
circumstance that grey iron smelted 
with coke is less soluble than that 
obtained &om cjilrcoal may be simi¬ 


larly explained, viz., by its greater pro- 
fK)rtion of silicon, and proliahly also, 
phosphorus. Spicgeletseu withstands 
rusting lietter than i^nular white 
cast iron by reason of its greater den¬ 
sity and larger amount of carbon. 
Elaborate experiments in connection 
with this subject were made by Parker, 
whose results are for the most part 
in a(5cordance with the foregoing 
statements. (Akerman.) 

Protection.—(1) 

Tliis consists in covering the iron with 
a thin coating of zinc. The iron is 
cleaned by being steeped for some 8 
hours in water qpntaining aboyt 1 per 
cent, of sulphuric acid, then scoured 
W’ith sand, washed, and placed in clean 
water. After this tlie iron is heated, 
imntersed in chloride of zinc to act as 
a flux, and then plunged into molten 
zinc, the surface of w’liich is protected 
by a layer of sal-timmoniac. The pro¬ 
cess diflers slightly according to the 
size and sliape of the article. It is a 
simple one, and may be applied to 
smsdl articles in any workshop. Kir- 
kaldy found tlmt galvanising does not 
injure iron in any way. The sdne pro¬ 
tects the iron from oxidation so long 
as tlie coating is entire ; but if the 
sheet-iron be bad, or cracked, or if the 
zinc coating be so damped that the 
iron is exposed, a certain action is set 
up in moist mr which ends in the 
destruction of the sheet. 

The sheets are generally galvanUed 
before they are corrugated; but as 
in prooess of corrugation the sheets, 
especially the thicker ones, sometimes 
crack sightly on the sur&uie (unless 
the iron is of the very highest quality), 
it is an advantage, with all sheets 
thicker than 20-gauge, to galvanise 
after corrugation, so as to fill up with 
rinc any cracks that may have oc¬ 
curred. As, however, a larger quan¬ 
tity of zinc adheres to the corrugated 
than to tlie flat sheets, they have, 
when so coated, a dutinctiy higher 
value.—‘ Matbeson.’ 

(2) ** SAeraramtiff” or Dry f?afra- 
This prooess is i»med after 
its inventor, and consists of giring 
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metals a durable coating of zinc with¬ 
out heating the zinc to melting-point. 
The first process—that of cleaning— 
can be done in the same way as for 
galvanising, ‘viz., dipping in dilute 
acid or sand-blasting. The articles are 
then put into a^uitable receptacle—a 
kind of retort—and surrounded with 
zinc dust, then subjected to the heat 
of dre ^ until they reach 600” to 
600° F. The heat w kept up for a 
few hours, according to the size of the 
article and the thickness of coat re¬ 
quired, afterwhich the wliole is allowed 
to cool before the receptacle is opened. 
The heat just stated is soine 200° 
below the fusing teihperature of zinc, 
and the broad result is not only a 
reliable coating to the article being 
treated, but a marked economy in fuel, 
in zinc, and in the precess generally. 
It may also be not^l that the lower 
temperature has less ill effect on 
articles which are susceptible to heat— 
steel for instance. The process may 
be employed upon moat metals and 
when api^ed to copper it becomes 
surface or case-hmxiened to a remu-k- 
able extent. 

The zinc used is a powder obtained 
in distilling zinc from its ores. Jt 
must not M* confounded with zinc 
oxide. It is readily obtainable, being 
the zinc dust of commerce, costing 
about 202. per ton. Strange to say, 
this dust is not readily fused or 
reduced to its metallic form, therefore 
any overheating is very unlikely to 
melt the dust in the retort on process 
drum. The retort should be air-tight 
if possible, and it is desirable to exhaust 
the air from within it. If this cwnot 
be done about 3 per cent, of fine pow¬ 
dered cm'bon should be put in with the 
kino to prevent zinc-oxide beu|g formed 
too frwly. The only ^ult of the 
presence of zinc oxide beyond a certain 
amount is that the deposit on the 
articles assumes a dull hue instead of 
being hight. The deposit itself may 
be as but of somewhat poor 

appearanoe. A rather ex^aordinary 
detail of process is that grease on 
the ar^cles is not objectionable; if 


anything, its fu^nce affonls better 
results. Consequently machine-made 
bolts, screws, ptc., can be put into 
the process drums without cleaning. 
It need scarcely be pointed out that 
the process does not require the retorts 
to!:« kept hot continuously, as a zinc 
bath for gahanising has, and if the 
demand is not great small retorts, 
heated hy Bunsen burners, can be put 
to use and complete an order in a few 
hours, stcu^ng cold. A small plant 
to take about 2 cwt. of modcaate-sized 
articles would consist of a horizontal 
drum, made to revolve, its revolution 
not l>eing continuous, but occasional, 
just sufficient to keep all parts tho¬ 
roughly hot. One of the trunnions 
should 1)6 hollow to take a pyrometer. 
The drum would be encased with 
cast iron lined with fire-brick (to pre¬ 
vent loss of heat) or by brickwork only. 
The heat would be provided by a row 
of Bunsen burners beneath. Producer 
gas is quite suitable. Larger retorts 
could not |)0 made to revolve, but can 
be arranged to run (on trucks) into a 
tunnel-sliaped, brick-built, furnace 
chamber of such a form that, whether 
fire or gas heat be apjffied, the heat 
entirely envelopes the retort, lletorts 
must of necessity be of whatever 
shape the work requires, but the cylin- 
dri«kl is best whep p(»sible. 

(3) A substitute for galvanising has 
been invented by Neujoan and Delmte, 
of Liege. It is ape^ly intended* for 
objects of large dimensioA, which 
cannot easily be moved, and therefore 
cannot well be dipped into a bath of 
melted zinc. The zinc, when finely 
pounded, is simply mixed with oil and 
Bi(»ative. In this way a varnish is 
obtained, which is applied with a brush 
in the usual manner, A single layer 
is suffirient, hut two are pi^erable. 
The coated objects can be left as 
are, or bronred and painted as required. 

(4) PainHng.<^(a) This is an effeo- 
tu^ method ^ preserving iron from 
oudation, if the paint is good and 
j:^perly applied, and the iron in » 
prop^ oonmtion to receive it. In 
6rder that the pasteotion by pelting 
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may continue, the surfaco should be 
carefully examined from time to time, 
BO that ail rust may be vemoved. The 
paint may be renewed directly it is 
necessary. 

(5) Cast iron should be painted soon 
after it leaves the mould, before it has 
time to rust. The object of this is to 
preserve intact the hard skin which is 
formed upon the surface of the nicUd 
by the fusing of the sand in which it 
is cast. After this a second coitt 
should be applied, and this sliould l>e 
renewed from timetotimeasreijuired. 
Id any case, all rust u|k)ii the surfiice 
of castings should be carefullyrenioved 
before the paint is applied. Hiuiill 
castings are often ja^sumed. Before 
painting wrought iron aire must be ! 
taken to remove the hard skin of oxide ' 
formed upon tlie surf^uf t)ic b on dur¬ 
ing the process of rolling, and which, by 
tlm formation of an almost iiniiercepti- 
bie rust, becomes partly loose and de¬ 
tached from the iron itself. An 
attempt to {»event this rusting is 
sometimes m^e by dipping the iron, 
while still hot, in oil. This plan, 
however, is expensive, and not very 
successful. The scale is sometimes 
cot rid of by ''pickUng,” the iron 
mng first dipped in dilute acid to re¬ 
move the scale, and thdn washed in 
pure water. ^ If the* trouble and ex¬ 
pense were not a bar to ite general 
adoption, this is the proper process for 
pepkring nought iron for paint, and 
it is exacted occasionally in veiy strict 
specifications. But somewhat the same 
result may be obtaiued by allowing tlie 
iron work to rust, and then scraping 
off the scale preparatory to painting. 
If some rust remains upon the iron, 
the p^t should not be applied lightly 
to it, but hy means of a hard brush 
should be mixed with the rust. Ordi¬ 
nary lead paints, especially r^ lead, 
are often used for p’otecting ironwork, 
but they are often objected to on the 
ground that galvanic action is set up 
between the and the iron. Matbe> 
BOD recommends oxide of iron paints 
for ironwork generally, and bituminous 
paints' for insid# of pipes or for 


I ironwork fixed under water. The 
I ironwork for roofs, bridges, and similttr 
I structures generally receives one coet 
I of paint before it leaves the shops, and 
' two or three more after it is fixed. ‘ 

I (6) iV. Awjwi Snviih*$ procew is an 
' admirable means for pieventing cor- 
’ rosion in cast-iron pipes. The pipes, 
having been thorough!/ciean<|l 
niouhl, sand, and rust, are heated to 
about 700^ F. They are then dipped 
vertically into a mixture consisting of 
' cnol-tar, pitch, about 5-6 per cent, of 
: linseed oil, and sometimes a little resin, 
heated to about 300^F. After remain¬ 
ing in the mixture several minutes, 
long enough to acquire the temperature 
of 300‘^F., the pipes are g^ually 
withdrawn and allowed to cool in a 
vertical position. Perfect cohesion 
sliould ti^e place between the coating 
and the pipe, and the former sliould 
).;e free from blisters of any kind. In 
practice, the lieating of the pipes be¬ 
fore immersion is f< >uiid to l)o expensive, 
and is frequently omitted, but this 
practice is fatid to good results. The 
coating is not then so lasting, and, 
wliat is worse, it gives a t^t of tar to 
water passing tlirough. There is no 
taint if the coating is {miperly do&e. 
The cheapest plan for an effectual 
coating is to dip as soon as possible 
(while the metal is still hot enough) 
after the pipes come from the mould. 
Most pipe founders are prepared to do 
this. 

(7) Dr. Percy recommends resin 
melt^ with a little QallipoU oil and 
Bjmt of turpentine,of such proportions 
as will make it adhere firmly without 
chipping off, yet admit of easily 
detached by gentle scraping. 

(8) Vcnjiim Serra, after many years ^ 
of experimSent and observation, living 
noti<^ that knives used in cutting 
plants belonging to .the family of Eu- 
phorlnacese ^d not rust, is led to re¬ 
commend for this purpose an alcoholic 
solution of gum (resin ofjduphorbium. 
This when applied,to steel, iron, or 
copper forms a tl^, uniform, and 
very adherent layer, which effeotmd^ 
protects the metal. Experiments with 

3) 
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copper immersed in sea-water—a ship’s 
sheathing—were followed by gratifying 
results. 

(S) /. Maohabee invented the follow¬ 
ing composition :—Virgin wax, 100 
parte; Qallipoli, 125; Norw^ian pitch, 
200 ; grease, 100; bitumen of Judea, 
100; gutta-percliai; 235; red-lead, 120; 
white-i^ead, 200. Those ingredients are 
mixed together in a boiler in the order 
above, the gutta-percha being cut up 
in small pieces, or rasped. The mix¬ 
ture is stirred at each addition, and 
poured into moulds. For iron, it is 
melted and laid on with a brush. 

(10) Girders, angle-irons, and similar 
large masses of iron, are often placed 
in exposed situations, where damp air, 
steam, and acid vapours have access. 
If the iron be put up in the rough, it 
very speedily rusts, and under favour¬ 
ing conditions the corrosion soon 
reaches a dangerous point. Contractors 
generally agree to supply such irons 
painted in three coats of minium, 
which, if honestly done, to a certain 
extent protects the metal; but a novel 
mode of treating girdere is to heat them 
until, if toueb^ witli oil or fat, they 
cause it to frizzle, and then plunge 
them into a vat of mixed oil and grease. 
This mode of treating cast iron is said 
to be superior to any “ painting,” as the 
oleaginous matter actually penetrates 
the pores, and prevents oxidation fora 
very long time, while it does not pre¬ 
vent painting, if desirable, afterwards. 

(11) The results of some exiieriments 
on the preservation of sheet-iron used 
in raUroad bridges wore published by 
tiie directory of the Government rail¬ 
roads of the Netherlands. From 32 
sheets lialf wcue cleaned by iminertdon 
for 24 hours in diluted hydrochloric 
add; tliey were then neutralised with 
milk of lime, washed with hut water, 
and, while warm, <lritxl and washed 
with oil. The other half were only 
cleaned mechanically by scratching 
and brushing. Four of each kind were 
then equally pa\uted with rod-lead, 
with two kinds of a red paint of oxide of 
iron, add with coal-tar. The plates 
wereHheu exposed to the weather„aad 


examined after three years. The result 
was—(a) Tluit the rod-lead liad kept 
perfectly on both kinds of plates, so 
tliat it was impossible to say if the 
chemical cleaning was of any use. (b) 
That one kind of iron oxide red paint 
liad better results on the chemically- 
treated plate than on the other—in 
fact, a result equal to that of the plate 
painted with red-lea<l; while the other 
kind of iron oxide red gave not very 
gotal results on the plates when only 
scratched aii<l brushetl, (c) That the 
coiil-tar was considerably worse than 
the paint and had even entirely dis¬ 
appeared from those iron sheets which 
Itad not l>cen treated chemically, but 
only cleaned by brushing. (‘Eng. 
Mech,’) 

(12) Cast-iron Pipes .—The water 
from mines frequently contains enough 
acid to attack cast-iron pipes, destroy¬ 
ing them in a short time. Oil colours 
and varnishes oifer but a limited re¬ 
sistance, and the process of enamelling 
employ^ in Oberschlesia, says Ei^l- 
hai^t of Ibbenbureu, althoi^h per¬ 
manent and effective, is expensive. 
Cement is cheaper, and is unacted 
upon by tliese waters, and the only 
question to be settled was whether it 
would adhere to the smooth iron with 
sufficient firffiness. Two similar pieces 
of rolled iron were taken, and one of 
them painted over five times withavery 
thin cement, so that tlie coating was 
i in. thick. Both pieces were sus¬ 
pended netu* together in that part of 
the sluift where the water'had attacked 
the signal cable most violently, and 
weroleh there four months. Ont^ii^ 
them out, the unprotected iron was 
found to be reduced to | its original 
thickness; the other, in which a hole 
had been bored to suspend it, bad 
suffered the same corrosion at the 
exposed portion ; the cement covering 
was dark brown, but perteotly hani and 
unattacked by the acid. The cement 
was brok^ off, and the surface cd the 
dron exhilnted the dark-blue colour 
and lustre that it had on leaving the 
rolls. As this coating adhered so well 
to the smooth x^ed iron, toiwhich it 
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cannot cling so tightly as to the 
rouglier surface of cast iron, the ex¬ 
periment was continued on a larger 
scale. A 26-in. diecbaige pipe in the 
Oeyhaueen shaft was protectkl on the 
inside with cement. The coating re¬ 
mained unchanged for 2 years, wliile 
the pump was in constant operation. 
At the b^iinning of last winter the 
pump was stopp^, and the pijie Iwiug 
no longer under water the cement was 
so much injured by the frost that it 
scaled off. Several other experiments 
were made with similar results. The 
pipes should be new, or, if old, well 
cleaned from rust Itefore applying the 
cement, which is mixed as thin as is 
possible without injury to its tenacity. 
The pipe is moistened before the 
cement is applied, a thin coating of 
cement is put on and alluwe<l to dry ; 
when liard it is moistened, and a second 
coating is applied ; and so on four or 
five times. The operation cannot l)e 
conducted so well in very hot wcath^, 
as the cement dries loo quickly; nor 
must the pipes be exposed to frost 
during the operation or afterward. 
This unfortunate sensitiveness to cold 
may perhaps yet be overcome by inter¬ 
posing some semi-elastic material be¬ 
tween the iron and cement. (‘ Iron.’) 

The cement bdng a dbmpound of 
lime would jj^obably-owe its efficacy 
to this fact. See next paragraph. 

(13) Lime as a Preventative of 
Rust. —Of l|te years it has been recog¬ 
nised that lime—ordinary builders' 
lime—when in contact with iron, 
opiK)8ee the rusting process. Small 
bright goods, as suigical nee^es, 
buckles, scissors, etc., if kept iu t»per 
with lime dust just dusted on them, 
escape rusting under usual conditions. 
To see to what extent lime had this 
property the writer made the following 
Experiment. Several 4-iQ. test tubes 
were filled with water, some with soft 
rain water, some with tap water which 
was &irly hard. In each tube two 
clean sewing-needle were put, and in* 
a certun number a small piece of lime 
(about the size of a pea) was added. 
The lime varied, so^rbeiug ‘‘quidk," 


I some slaked, some plaster, and in one 
case a piece of mortar. Some of the 
tubes wero corked, some not. Thee 
tubes stood in an outhouse for about 
two uionths, then outdoors in winter 
weather, unprotected, for about tliree 
months. A few were hxissen and 
liroken, but in thE re:^iuing case 
there was extraordinary jiroo^of the 
protective effect of the lime. In every 
case the iKicdle that had lime with 
them were alwolutely like new. When 
restored to the work-box they were 
used as new ones. In all other cases 
the needles were a mass of spikelets 
of rust, ratlier worse with the rain 
water than tlie tap water. Those who 
liave to do with water supplies know 
that in liard-water districts—the water 
having a percentage of clialk or lime in 
solution—plain iiou pi|>c8 may be freely 
used, without any trouble occurring 
tlieir rusting, whereas in soft-water 
districts, the use of such pipes makes 
the Avatsi* unfit for use by its red colour 
due to rust. The ajiplication of lime 
wash has been found bcneficitd in the 
case of rusty tanks and cisterns. 

(14) Stediwfs process consists in 
the impregnation and saturation of 
the structure of the metal with a non- 
oxidising or non-oxidisable substance, 
by forcing it into the intercellular 
spaces of the mebd by pressure while 
the iron is in an expanded condition, 
induced by heating. He gives one 
method by which his invention may 
be applied^ and which he recomment^ 
as being eminently practical and use¬ 
ful. A vessel of any suitable material, 
of sufficient strength, is made iu the 
form and size best adapted to those of 
the iron article to be treated, with the 
lid so constructed that the vessel may 
be closed hermetically ; at the bottom, 
pipes are arranged for conveying steam 
and water alternately, for the purpc»e 
of heating and oooung the intenor. 
Connected with this vessel is a force- 
pump, for prodacing the uecess^ 
pressure, and appliances for obtaining 
a vacuum. The iron to be tinted is 
heated to the desired temper^ure, 
placed in the above vessel, the top is 
D 2 




36 


Rusting and Cobeosion : ProtecEion. 


closed hermetically, and dry or super¬ 
heated steam is turned into the pipes 
at the bottom to keep the metal at 
the require'd temperature; also, at 
the same time, an atmospheric vacuum 
is produced by an ordinary air-pump 
connected with the chamber; the 
proper quantity, sufficient to ill the 
vesseirof pure paraffin or {Mrafin in 
solution with one of the pure mineral 
oils, having been also previously heatod 
to the re(}uired temperature, is now 
let into this chamber and forced un<ler 
pressnre into the intercellular spaces 
of the iron, those having so enlarged 
by the expansion of the metal from 
the heat and removal of tlie atmos¬ 
pheric pr^ure as to readily admit 
the hydnKaw'lwn preservative. When 
the iron has remained under this liquid 
pressure a suifiuient time it is gradu¬ 
ally cooled by turning cold water 
instead of steam into the pipes, tlie 
projBure being kept up, howe^e^, 
until the iron is cool. Certain quali¬ 
ties of iron- may bo treated without 
the atmospheric vacuum, but as the 
iron expands very much more, while 
greater prt^sure is obtainable by its 
employment, and the additional cost 
is not to be considered, he recommends 
its use as desirable. (* Van Nostrand’s 
Mf^^ne.’) 

(16) In mixing paints for iron sur¬ 
faces it is of the firat importance that 
the best materials only should be used. 
Linseed-oil is the best medium, when 
free from admixture with turpentine. 
A volatile oil like turpentine cannot be 
used withadvant^eon a non-absorbent 
surface like that of iron, for the reason 
that it leaves the paint a dry scale on 
the outside, which, having no cohesion 
can be ref^ly crumbled or washed 
away. Linseed-oil, on the other hand, 
is peculiarly well a^pted for this pur¬ 
pose. It does not evaporate in any 
perceptible d^ree, but the iai^ per- 
c^ta^ of Hnolem which it confine 
cornices with the oxygen in tl^ air 
and forma a sblid tra^lucent sub-' 
stance, of rerinous apprarance, which 
possesses much toughness and elas¬ 
ticity, and will not or blister by 


reason of the expmision or contraction 
of the iron with variations of tempera¬ 
ture, It is* however, remarkably 
adhesive, impervious to water, and is 
very difficult of solution in ^sential 
oils, spirits, or naphtha, and even in 
bisulphide of carbon. Another im¬ 
portant advantage of linolein is that 
it expands in drying, wliioh jieculiarity 
adapts it to iron sui^oces ; since cracks, 
however minute, resultingfrom shrink¬ 
ages, expose enough of the metal to 
aSbrd a cliance of corrosion, which 
will spread in all directions, under¬ 
mining tlie paint and avusiug it to 
scale off, l)esi(ies discolouring it. With 
all its ^vantages, however, the best 
liusoed-oil i>ainb is but poorly adapted 
to long service as a protection to iron 
surfaces exposed to extreme variations 
of temperature and to all kinds of 
weather. Even the continuous film 
of linolein, notwithstanding its com¬ 
pactness and the additional substance 
affonle<l by the body of the paint, 
gradually loses its tougliness, curls up, 
and peels off. If chipped by accident 
liefore it has lost its hold on the iron, 
we find, if we carefully examine the 
exposed spot, tliat a thin film of oxide 
bus formed under it. This fact ac¬ 
counts for its dimiaished adhesion. 
Iron, in uniting with oxygen to form 
a rust, increases its bulb in proportion 
to the amount of oxygon it has taken 
up, and necessarily occupies greater 
space. In a word, it si.’ells, and in 
so doing pushes off from it the paint 
film, wMch sooner or later drojM away 
from it. This undermining action of 
rust is the chief difficulty to be con¬ 
tended with in effectually pr^*erving 
iron surface by means of p(unt» or 
varnishes. It is not improbable that 
the linolein, itself an oxide, may im¬ 
part oxygen to the iron, and thus'pro- 
mote rusting. This idea has ^n 
sugg^ted by Prof. Williams in a 
recent treatise on the subject; and, 
whilst purely specuktive, it may ac¬ 
count for the oxidi^on of iron surfaces 
when to aJil appearance effectually pro- 
t^tod by a co^t of paint tluck enough 
and oontinu9Us (tuo^h to exclude both 
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air and damp, iu tullectiiig a paint 
for iron, mecltanical adhcaion is a con¬ 
sideration of the first in^rtauce. In 
tliis respect paints differ widely ; but 
it must be remembered that in paint¬ 
ing or varnishing a metallic surface, 
mecliauicsl adliosion is all we have to 
depend upon. With absorbent sur¬ 
faces it is different. Prof. Williams 
gives it as his opinion, based on obser¬ 
vation and experinicnt, that pitchy or 
Htuminous films are especially effective 
as regards their adhesion to iron ; for 
example, solutions of asphalte, or 
pitch, or petroleum, or turpentine. 
These are also very effective as regards 
continuity, owing to the fact that in 
drying they form plastic films, which 
yield with the contraction and expan¬ 
sion of the iron, and show no tendency 
to crack. If the surface is rusty, they 
penetrate the oxide scale and envelope 
the particle very effectually, making 
them a portion of the paint. The 
solubility of such a film may be counter¬ 
acted by mixing it with linsccd-oil. 
The experiment may easily be triefl 
1^ mixing about two parts Brunswick 
black with one of red- or white-lead oi 
litharge. Ked-lead is the best for 
many reasons, if finely-ground and 
thoroughly mixed with linseed-oil. 
Any one of the several hinds of bitu¬ 
men may be used; either natural 
mineral aspHalte, dne pitch, or arti¬ 
ficial asphalte, such as gas-tar or the 
residuum of petroleum distillation in 
coses whei^ the crude oil has been 
distilled before being treated with acid. 
This gives a very bright pitch, 
which is soluble in “ once run ” para¬ 
ffin spirit, and makes the base of an 
excellent cheap durable paint for iron¬ 
work in exp<^ed positions. During 
the past few years liave appeared many 
accounts of the preservative influence 
of paraffin when applied to iron sur¬ 
faces, and recommending it in all 
classes of ironwork which can be treated 
hot. The most effective mode of 
applying it is to heat the iron in mcuo^ 
in coder to expand it and open its 
pores, when paraffin raised to, the 
proper temperature es poured into it. 


By this moans the iron is penetrated 
to a sufficient depth to afford a vezy 
effectual protection against oxidation, 
especially when a suitable paint is 
eubsei]uently applied. * Any non- 
oxidisable substance would |nx>balfly 
answer, but paraffin is as ch^p as any, 
and quite ns good, if not better ; the 
exception as to quality being made in 
favour of some vitreous enamel,Vhich, 
wliile costing more, would certainly 
be mure permanent in its r^ults, 
Brushed upon the outside m^ely, it 
is doubtful whether paraffin would 
have mucli effect upon the iron, while 
it certainly would tend to lessen, if 
not dcHitroy, the iflechanical adhesion 
of a surface paint. There is no reason, 
however, why bridge-work, iron fronts, 
etc., should not be treated with para¬ 
ffin before they leave the shops where 
they were made, which would greatly 
simplify the problem of their easy and 
economical preservation &om oxida- 
tiun. In the absence of such treat¬ 
ment, a careful coating with the paint 
above dc8cril)ed will probably prove 
the most effectual means of protect!!^ 
ironsurfaces. (‘Amer. Painters’Mag.’) 

(16) To Coat StoveSf Tools, etc.— 
Metallic tools and other articles, par¬ 
ticularly those of iron and steel wMoh 
are used in laboratories and other work¬ 
shops whereacid vapoursaroof frequent 
occurrence, can be protected with a 
lustrous black coat which resists acids, 
and is but little affected even by a low 
red heat, as follows: Have a sheet- 
iron box constructed lar^ enough to 
bold all the articles to coated, and 
provided with a false bottom of wire 
netting about 1| in. abovo the actual 
bottom. Underneath this wire net¬ 
ting is placed a layer of crushed 
blacksmith’s coal about { in. deep; 
then place the articles, which must be 
entirely free from rust, clean and 
polish^, upon the wire net. The 
box is then covered with a well-fitting 
lid and set on a strong fire, which 
causes the coal io give off’ tiury con- 
Itituents, the heal being continued 
until the bottom of the box ia at a red 
heat. When ^1 evolution of gas hu 
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ceased the box is allowed to become 
cold, aiid the articles are b^eu out, 
and will be found covered with a 
beautiful glossy coat. 

(17) humdmvg Process.-^ 
This process is l^sod upon the simul¬ 
taneous employment of silicates and 
heating. The cast or wrought iron 
articles are coated by means of a 
brush or by immersion with a silicate. 
This coating dries quickly, and when 
the articles are exposed to a suitable 
heat liquedes, penetrates the pores 
of the metal, and after cooling forms 
a dense uniform coating of a dead- 
black colour, which docs not change 
by tlie action of the atmosphere 
nor crack off from the article. By 
adding to the silicate pigments used 
for colouring gloss, decorated surfaces 
of great l^uty may be obtained, 
which are for superior to those pro¬ 
duced in the ordinary manner by the 
application of paint. 

(18) Inoxidising Procas for Cant 
Iron .—The cast iron articles, entire 
gas-cltandeliers, water pi|)eB, ornamen¬ 
tal pieces, railings, kitchen-pots, etc., 
are placed upon an iron carriage and 
first exposed in a reverberatory fur- 
naoe of special construction at a torn- 
porature of from 1112® to 1292° F. 
for 15 minutes to the oxidising, and 
then for 20 minutes to the reducing 
action of gas generators. After re¬ 
moval from the furnace and cooluig, 
the inoxidised articles acquire a uni¬ 
form slate colour; they may, however, 
be enamelled and decorat^ in any 
manner desired. In applying the 
enamels pickling with acid is not neces¬ 
sary, and consequently the enamel 
adheres very firmly. Various wticles 
exposed in the open tar for two years 
to all kinds of atmospheric influences 
showed no trace of deterioration. 
Numerous experiments have demon¬ 
strated that the tensile strength of the 
iron is but little decreased 1:^ inoxi- 
datipn, in fact, no more than by an¬ 
nealing. As regards the durability of 
the surface layer ^th a high loa^ it* 
has been determined tliat from 
wrought iron bars it cracked off in tljie 


form of small lamina with an average 
tension of 4000 lb., but from cast iron 
it did not cracb off oven with a breaking 
load. 

(19) BowcT’Barff Process. —^Briefly, 
this process, os now worked, is as 
follows: Tlie iron goods, whether 
rusty or not, are, without preliminary 
treatment of any kind, placed .in a 
suitable chamber sufficiently capacious 
to hold about one ton weight of con¬ 
tents, and this chamber is heated by 
the combustion therein of carbonic 
oxide gas, produced near at hand by 
several gas furnaces, an excess of air 
over tliat requisite for combustion 
being admitted also into the chamber, 
after haring been heated in its passi^ 
through coils of pipes placed immedi¬ 
ately underneath the operating cliam- 
ber. A film of magnetic oxide forms 
upon the immediate surface of the 
iron articles, and this appears to be 
sunnounted with one of ferric oxide 
(Fe^Oj) and it is by the subsequent 
reduction of this substance by means 
of carbonic oxide tliat the coating of 
magnetic oxide is increased to the 
requisite extent. In brief, the excess 
of air pr^nt in one stage of the pro¬ 
cess seems to form ferric oxide, and 
when the proportion of air present is 
reduced (as it' may bo at will) so that 
carbonic oxide is present’, then the 
ferric oxide becomes reduced to the 
lower state of oxidation, its oxygen 
contributing to the product^n of car¬ 
bonic anhydride. The time required 
varies from 3 to 12 hours, and the 
magnetic oxide as thus form^ exhibits 
a very pleasing French-grey or leaden 
tint. Should the colour, however, lie 
unsuitable to the intended use of the 
iron articles, the more costly metals 
may be deposited upon them. (King- 
zett.) 

Prof. Barff has at various times pub- 
Ikhed further detmls of the results of 
the process. As to the action on the 
strength of the iron, bars treated have 
been tested for breaking and tensile 
strain, and the result is that the 
strength of the iron is not affected. 
The coating give# ^reat hanhiess to 
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iiic surface of inm, wtieii the coating 
is Bufficieiilly thick (even less thin 
in.). All ordinary ^flat rasp will 
not remove it without great labour, i 
and it resists emery powder, will for 
a long time resist a rasp, and remove ! 
pieces of steel front it. Substances ; 
which otlhcre to iron, zinc, and enamel ; 
will nut lulhei'c to it. Saucejians in ! 
wliich sticky sulistaiiceB arc cooked 
can be cleaned with the greatest case, 
after they liave been oxidised, a simple 
wipe removing all dirt. A urinal in 
constant use for months liad no 
deposits on it. Water w’os evapotated 
in an oxidised pan for six weeks— 
common tap water; the water never 
boiled, but was slowly evaporated; 
the deposit found was removed with 
a duster : it did not stick to the iron. 
This is a matter of great importance 
to boilers, and for jiipos through which 
water is to be coui'eyed. Articles 
coatoil can be submitted to a high 
temperature, even a red heat, without 
the ciMiting being injured or disturbed. 
At present iron wire cannot be treated I 
successfully—the wire can lie treated ! 
and will not rust, but it cannot be j 
bent to a slmrp curve without the j 
coating coming off. lUveted iron i 
plates can to most successfully 
treated ; the process •tightens the 
rivets and assist^ the caulking. 
Weights we^ treated for the Govern¬ 
ment, and submitted to tests, and the 
process is now recommended by the 
departmeift for the standard weights 
throughout the country. Prof. Barff 
has not yet met with any sample of 
cast iron which could not be properly 
treated. Wrought iron requires a 
somewhat different treatment; a 
lower temperature, about 900® F. 
(493® C.), suits it best, and steel also. 
It is not well to expose articles very 
different in bulk at the same time; 
all that are put into the mul&e should 
be pretty nearly equal in bulk. For 
instance, very heavy article, such as 
a 36-lb. weight, should not be treate^d 
with gutter spouts. CSast and 
wrought iron should not be tipated 
together. For the chamber at present 


in use, 2 ft. x 2 ft. 6 in., and 1 ft. 

6 in. high, the outlay on fuel for sub¬ 
jecting the articles within the cliamber 
to superheated steam for 10 hours is 
5k. In a manufactory tlus cost would 
lie greatly reduced. A West Brom¬ 
wich firm, working the jmtent under 
a royalty, inform lum that the coat 
will not approach that of galvanising 
iron, and he supposes that it wt)l little 
exceed lliat of the periodical three- 
coat paintings. The increase caused 
hy oxidation can lie estimated, and to 
fit nut and screw for each other, allow¬ 
ance must be made for this in casting. 

I As to the treatment of riveted articles, 

I and the danger tli&t the coating film 
' would be removed, th^ is some diffi¬ 
culty in this; he supposes boilers 
will lie treated in large chambers when 
made up. When the rivets are ham- 
incrcil or pressed into the plat^, the 
coating is removed, and of course these 
siK)ts would be attacked by rust. The 
remainder of the plates might be pro¬ 
tected from abrasion ; the practical 
difficulty is to re-oxidise the rivets »ii 
situ. To accomplish this he proposes 
to cover the bmid of rivets with a 
porous cap of silicate cotton, and to 
subsequently re-oxidise that portipn. 

I But even if this were not successful, 

I the rusting of the rivets would be of 
little practical injury, as it would take 
so many years to rust through a rivet, 
and the corrosion could not spread 
laterally, on account of the repellent 
character of the black oxide. As to 
the pressure of steam in the boiler, 
40 lb. is the extreme; but they are 
obliged to use considerable force to 
effect the double object of keeping out 
atmospheric lur and to efficiently oxi¬ 
dise the surfaces treated. The oxida¬ 
tion only proceeds till the pores of the 
iron are all filled up with black oxide; 
but with very tnin objects, great 
caution has to be taken, lest they 
should be oxidised through. 

(20) The method of preserving iron 
by forming an inoxidisable film or coat 
tipon the surface been tried in 
France, the process adopted being 
modifications of those patented 
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Barff and Bower, According to KraSl, 
Bourdon enclon^ the articles to be 
preserved in a cylinder dewed at both 
ends by riveted plates, into one of 
which the sWm supply pipe enters, 
while the other is supplied with three 
openings. Into one of these a ther¬ 
mometer is fitted; the second is sup¬ 
plied with a stopcock, through which 
to allo^ the water condensed to run 
off. This must be done frequently, as 
the steam must be as dry as possible. 
To the third is fitted an escape-valve 
for the steun. The most favourable 
conditions for success are the follow¬ 
ing:—The pressure must amount to 2 
or 2| atnicwpheresl the temperature 
must be from 626® to 644°F. (330® to 
840^0,), and 6 houra must be allowed 
for the completion of the operation. 
A covering df a greenish-bla^ colour 
is obtain^, which adheres firmly and 
is perfectly stade. The cylinder is 
placed in a sort of oven, maintdning 
its shell at about 930®F. (500®C.). 
The thermometer, plunged in the 
steam of the interior wiUi its regis¬ 
tered part protruding so as to allow ob¬ 
servations, diowed, however, only 
644° F. (340° C.). If the current of 
Btee>m is stopped, the thermometer will 
almost instantiy rise to930°F. (500°C.). 
Tl^'coating is a perfect success; care 
must, however, be taken that no i)art8 
of the articles are soldered together by 
tinsolder, as the latter melts at 442°F. 
(228®C.). Even if the connection re¬ 
mains intact, there will always be a I 
few minute globules of solder detached | 
and* st^s <»UBed. Copper must be 
used instead. In further following up 
his exi>eriisents, Bourdon conceived 
the idea of replacing the steam by hot 
air. He proceed^ as followsA 
ooil of pipe communicating at one end 
with open air ascends gradu^ly 
through a r«wrvoir heated to 24S°F. 
(i20°C.), whence it enters thecylinder 
in which the articles to be operated 
upon are enclosed. This cylinder is j 
identical with that used for steam, 
The escape-valve le^s into a tank con¬ 
taining water, permitting a better 
regulation of the ur current. TI^ , 


must pass very slowly. The interior 
pressure is but a little above one atmo¬ 
sphere, as the apparatus communicates 
with the open air. The temperature 
of the air in the cylinder is 536°F. 
(280°C.); the time consumed, 5 hours. 
A layer f in. in thickness is obtained, 
capable of resisting the action of emery- 
paper, and unalfected by dilute sul¬ 
phuric acid. The layer pewsesses a fine 
greenish-bhmk colour. To ensure per¬ 
fect succ^ the articles must be sus¬ 
pended completely free. After remov¬ 
ing them from the apparatus, they are 
rubbed with a greasy cloth; stains, if 
any, are remov^ with emery-jiaper or 
iron-dust. It h^ been found that 
with an elevation of temperature under 
pressure of one atmosphere a very 
thick layer is obtained, which, how¬ 
ever, scales off easily. Tlie adherence 
is, therefore, a question of temperature 
and not of pressure, as was formerly 
supposed. Those pieces coated by hot 
air were for one month exposed to the 
weather without being att^ked in the 
least. On removal of the exterior 
black rind, a grey layer is discovered 
below the same, wliich to some extent 
becomes rusty on exposure. The rust, 
however, does not adhere as on metallic 
iron, but is easily removed by scraping 
with a piece 6f wood. This fact also 
applies to articles coatee^ by steam. 
IjMt June, Bourdon tried the process 
on 400 rifle barrels at once. Similar 
trials liave since been inode, allowing 
the practicability of using it on a large 
scale. The principal ))oint is to obtain 
a current of air sufficiently abundant 
to secure a proper tbickn^ of the 
layer, but of a circubtion slow enough 
to allow tlie air to act on the iron. 
The French Government lias already 
adopted the process at some of its 
arsenal manufactories. 

(21) Q. W. Qesner’s process for 
giving articles of fron and steel a rust¬ 
proof coating is shown by the accom¬ 
panying illustrations, llgs. 19, 20, 
and 21. It consists substantially of 
a bench of two ordihaiy gas retorts 
placed side by side in a furnace lieated 
by a grate, kachfetort b hea^bd to a 
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temperature of 1000-1200°F., us uiay more even in tone. In other articles 
be determined by the character of the no oil is used. 

articles to be treated. The latter are To Bulwlantiatehisclmm that hydro- 

introduced by means of a crane and gen has a function in the creation of 
pulley, care Being token tlwit they do a rust-piwf coating, Oesner quo^ 
not touch one miother. After closing the following analysis, made by Still- 
and testing the uetort, the heiiting con- man and Ohwiding, of Now York, of 
tiuues for about 2P minutes. Then a sample of the surface of cast iron 
steam is introduced into wliat Ocsuer prepared by the process: Carbon, 1 ‘01 



Fio. 21. 


callsa“hydrogen generator,”shown.in percent.; hydrogen, 0*22 per cent. ; 
Figs. 20 and 21. it is a simple pipe, sand, 6’70 per cent.; and iron, 66*10 
open at the rear end. Glesner clmms per cent. Thf» chemists add that the 
that in the passogeof the steam through iron is present as pietollic iron and as 
' this generator hydrogen is generate, oxides of various constitution, 
which fills the retort. This operation (22) A simple and economical way 
goes on for 35 minutes, at the end of of tarring sheet iron pipes to keep 
which time | pint of naphtlia is per- them from rusting is the fol!bwing:— 
mitted to flow into the retort for 10 The sections as m^e should be coated 
minutes. The flow of hydroc{u*b<m is with coal tar and then filled with light 
then stopped, and the steam which has wood sliavings, and the latter set on 
been allowed to enter the generator fire. The efiiset of this treatment will 
during the whole operation iscontinued be to render the iron practically proof 
for 15 minutes longer. The whole against rust for an indefinite period, 
time emfdoyed in tlie o{>eration is renderingfuturepaintingunnec^sary. 
therefore! hour and 20 minutes. The In proof of this assertion, the writer 
“purging-pipe,” which dii« into an cit^ the example of a chimney of 
open vessel of water, as shown in Fig. sheet iron eract^ in 1886, and which, 
19, to the depth of 1} in., carries oS throi^h being treated as describes, 
any exbess of gases produced in the | is as bright and sound to-day as when 
opeil^tion. In cases where m’ticles I erected, though it has never had a 
treat^ lU'e omameutal, such as art I briishful of paint applied to it since, 
hardware, they are g^ven a bkth of cold It is su^est^l that by strong heat- 
wliale oil 6r paraf^ oil to render them 1 iug the iron after ^le tor is laid on the 
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outside, the latter is* literally burnt 
into the motal, closing the pores and 
rendering it rust-proof,in a far tuore 
complete manner tlian if the tar itself 
was first made hot and applied to cold 
iron, according to the usual practice. 
It is imp(frtant, of course, tlu^t the 
iron should not be made too hot, or 
kept hot for too long a time, lest the 
tar should be burnt <;ff. Hence the 
direction for the use of light sliavings 
instead of any other means of heating. 
(‘ Gas Light Journal. ’) 

(23) Grace Calvert some years ago 
drew attei^tion to the fact tluit steel 
after immersion in caustic soda or 
caustic potash is preserved from lia¬ 
bility to rust. This apparently valu¬ 
able information dues nut seem to have 
been acted upon by chronometer makers 
and others, to whom any method of 
securing immunity from rust wouhl 
be of considerable service, llahuice 
springs for chronometers have been 
occasionally coated with collodion, but 
the thickness and rapid decay of this 
film interferes with the timekeeping 
of the chronometer, and is therefore 
objectionable. On inquiring of one 
chronometer maker, we were told that 
he had treated some springs with 
caustic soda at the time Calvert pub¬ 
lished his work, and thatChese springs 
were still free from r^ist; but as they 
had not l>eefl exposed to damp with 
other springs not so treated, he was 
unable to deduce any opinion as to 
the ad'N^ntl^e of the process. So it 
is generally. Practical men are con¬ 
tinuously occupied with their work, 
and have unfortunately no time for 
experiments, though they suffer day 
after day from an evil the removal of 
which is probably within their grasp. 
(^Meclumical World.’) 

(24) To preserve iron from rust in 
Ceylon it requires to be first well 
scraped and cleaned ; and if ior outside 
work, such as bridges, roofs, girders, 
etc., it should be well coated with tar 
point. The following receipt will 
found to answer well, vis., coal-tar 
d gal., slakcKl lime 13 lb., turpentine 
or naphtha 2-8 qt. 4 The use of the 


lime is for neutralising the fr^ acid 
hi the tar. This paint is very fluid, 
and well adapted for roofing, galvanised 
or black corrugated iron, ^tc, 

(25) Too much stress cannot be Uid 
upon the condition of the surface of 
the iron at the time of eoating; and it 
is perfectly essoutial either to liave' a 
dry surface or else a* comgpsition 
which is not affected ly water. Prof. 
Isiwes remarks tliat when an old iron 
structure is broken up, on the backs 
of tlie plates may oftcu be seen the 
numbers jiainted on them in white 
lead and liusoed oil when the work 
was put toother, tmd under the paint 
the u'un is in a pciiect state of preser- 
vatiuii, the secret being tliat the paint 
was [mt on wliile the plates were hot 
and dry. 

Compounds prepared with boiled 
linseed oil are ojien to objection on 
account of the presence of lead. The 
drying of boiled linseed oil is due to 
the fact of its containing a certain 
quantity of an oigauio compound of 
lead; and the drying projierty is, 
moreover, imparted by lioiling it with 
litliargo (oxide of Ictul), so that lead 
compounds present even when the 
oil is not mixed with red or white lead 
pigment. When boiled oil dries, it 
does BO by absorUng oxygen ^m the 
air, and becomes converted into a 
kind of resin, the add properties of 
which also have a bad effect upon iron. 
Protectives of the class of tar and its 
derivatives, such as pitch and black 
varnish, and also asphalt and miners 
, wax^, are regarded by Prof. Lewes 
among the best. Certain pr^utions, 
however, must be taken in the case of 
tar and tar products, both of whidi are 
liable to contain small quantities of 
acid and ammonia salts. If core is 
' taken to eliminate these, and if it 
could be contrived to always apply 
i this chiss of protectives hot to wum 
iron, the question of protection would 
be practic^y solved; bituminout and 
asphaltic substanceq forming an ena¬ 
mel on tbe«surfa<^ of iron which is 
free from the objections to b8 raised 
' ^^aipst all other protectives—that is, 
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of being microBcopvuilly porous and 
therefore pervious to water. Spirit or 
naphtha varnishes are condemned by 
Prof. Lewes as open to several objec- 
ticms. Varnishes to which a body has 
been given by some (ngmeut, generally 
a metallic oxid^ are preferable to the 
lost dass, if the wlvent used is not 
too rapid in its ewiporatiou, and if 
care has been taken to select sub¬ 
stances which do not themselves act 
injuriously upon iron, or upon the 
gums or resins which are to bind them 
together and are also free from any 
impurities which could do it. 

At the present time, as the author 
truly remarks, the favourite substance 
for this purpcrac is the red oxide of 
iron; but ciu« should l)e taken to ex¬ 
clude frem it free sulphuric acid and 
soluble sulphates, wliich are common 
impurities imd extremely injurious. 
The finest coloured oxides are, as a 
rule, the worst offenders in this resp^t, 
as they are made by lieatiug green 
vitriol (sulpliate of iron), and in most 
cases the whole of the sulphuric acid 
is not driven off, the h^t required j 
being injurious to the colour. The 
acid is often neutralised by washing 
th^ oxide with dilute soda solution ; 
but very little trouble, as a rule, is 
taken to wash it free from the result¬ 
ing sulphate of soda, which is left in 
the oxide. The best form of oxide of 
iron to use for paint making is obtained 
h^. calrining a good s|)ecimen of henm- 
tite iron ore at a lugh temperature. 
When prepared in this way, it contains 
no sulphates, but a proporiion of clay 
which is harmless if it does not exceed 
12-18 per <»nt. Paint makers can 
easily t^t their red oxide for soluble 
sulphates by warming a littie of it with 
pure water, filtering and adding to the 
clear solution a few drops of pure 
hvdrochloric add and a little chloride 
of bmium solution. If a white sedi* 
ment Icoms in the solution, the sam¬ 
ple should be at once reject^. 

In the application of a {n^servative 
coating to iron, Prof. Letwes directs, 
first, tbvDUgh scraping and scrubbing 
from all non-adherent old paint and 


j rust. New inrfi should be pickled 
I with dilute acid to get rid of every 
J trace of mill scale; the acid to be 
I iieutralisedafterwardbyaslightlyalka- 
line wash, and this again to he washed 
I offby clean water. 'Under these coudi- 
I tions, and given a composition of good 
I adhering properti^, but little npfire- 
' hension need lie felt vrith regard to 
! the ravels of corrosion, the chief 
I remaining risks being from abr^ion 
or other meclianical injury to the 
^ coinposition, coupled with improjier 
constituents in itself. (‘ i^ient. 

[ Amcr.’) 

I HiBcellaneouB Receipts.—(a) 

! To Prerent Rmii'nfi, —Boiled linseed 
oil will keep polished tools from rust* 

I ing if it is allowed to dry on them, 
j Common sperm oil will prevent them 
from rusting for a short period. A 
coat (rf co^ varnish is frequently 
applied to iMlished twds exposed to 
the weather. Woollen materials are 
the^best for wrappers for metals. 

(6) Iron an<l steel goods of all de¬ 
scriptions are kept free from rust by 
the following:—Dissolve J oz. cam¬ 
phor in 1 lb. lard, take oil' the scum, 
and mix as much black-lead as will 
give the mixture an iron colour. Iron 
and steel and machinery of all kinds, 
rubbed over •with this mixture, and 
left ^ith it on foj* 24 hours, and then 
rubbed with a linen cloUh, will keep 
I clean for months. If the nwcliinery 
is for exportation, it should be kept 
thickly coated with this during the 
voyage. 

(c) Anii-ruii Varnish .—Take the 
j first three ingredients in a pounded 
j condition, and digest them by a r^- 
j lar heat till melt^l, then add the tur¬ 
pentine veiy gradu^y, stirring all the 
I wliile. Eo^, 120 parts ; imidarac, 

, 180 ; gum lac, 60 ; essence oi turpen¬ 
tine, 120. The mixture should be 
digested until solution, then add rec¬ 
tified alcohol, 180 parts. Filter 
through fine cloth at thick Idbulous 
papers, and preservain well-stoppered 
[Kittles or cases. 

(<0 Rmmnng Rust fro^ Sted .— 
Immerae the article to be gleaned fi>r 
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a few minutres until all dirt and rust 
ia taken off in a strong solu^n of 
potassium cyanide, sa}^ about | ox. in 
a win^IassM of water; take out and 
clean it with a toothbrush, with some 
paste composed of potassium cyanide, 
Castile soap, whiting, and water; these 
last are mixed in a jiaste about the 
cunsisteuce of thick cream. 

(c) To Protect Iron and Sted from 
Pu»t —The following method is but 
little known, although it desen’es pre¬ 
ference over many others: Add If 
pints of cold water to 7 oz. of quick¬ 
lime. £et tlie mixture stand until 
the supernatant fluid is entirely clear. 
Then pour tliis off and mix it with 
enough olive oil to form a thick cream, 
or rather to the consistency of melted 
and recongealed butter. Gi'ease the 
articles of iron or steel with this com* 
pound, and then wrap them up in 
paper, or, if this cannot be done, apply 
the mixture somewhat more thickly. 

(/) To Protect Machinery from 
'Dissolve 1 oz. of camphor in 
2 lb. molten lard. Skin off the scum, 
then work in as much fine plumbt^o 
(hlack'lead) as will give it the colour 
of cast iron. Clean the machine and 
either smear with this, or apply warm 
with a brush. After & day the parts 
may be wiped clean by a soft fine 
cloth applied. 

(g) To Protect Poliehed Surfaces 
from some common resin 

in a pot«and add a little olive oiL 
Remove the pot from the fire and add 
a little turpentine. Apply with a 
brush. The quantity of oil must be 
found by experiment, it being necos* 
eary that the coating, when col^ should 
adhere well, yet be slightly elutic so 
as not to chip off. 

Ledd.—^ft water, especially when 
full of air, or when cont^ning organic 
matt^, acts upon lead in such a way 
that some of it is taken up in solution, 
and the water is poison^, Vitiated 
or impure air acto upon lead in a some* 
what similar manner. Pure water, 
not contuning air, do^ not act upon 
pure lead. \^en the water q^utfunfi 
much oxygen, lead is oxidised; 


and oxide of lead, a liighly poisonous 
substance, is to some extent soluble in 
water. If there is much carbonic acid 
present it converts soma of the oxide* 
into carbonate of lead, which is almost 
insoluble, and therefore com{}arutively 
harmless. The watei% which act most 
upon lead are the purest and most 
highly oxygenated, also* thewercoutiun* 
iug organic matter—nitrites, nitrates, 
and chlorides. The waters which act 
least upon lead are those containing 
carbonate of lime and phosphate m 
lime, in a less d^roe sulphate of lime. 
Some of these form a coating on the 
inside of the pij^ which protects it 
from further action. Some v^etable 
substances contained in water, peaty 
matter for example, also prot^t tlm 
pi})e, by forming an internal coating 
upon it. It appears tlierofore that 
liard waters, containing (as they gemar* 
ally do)carbonatoof lime, do not readily 
affect lead. Soft waters, such as rain 
water, and water obtained by distilla¬ 
tion—water polluted with sewage— 
water in tanks having a muddy deiwsit 
—may all become poisoned when in 
contact with lead. The mud of several 
rivers, even the Tham^, will corrode 
lead, probably from the organic matter 
it contains, but it does not necessarily 
follow that any lead has been dissolved 
in the water. Bite of mortar will also 
corrode lead. Vegetables and &tty 
acids msing from fniit and v^etables, 
cider, sour milk, etc., also act upon 
lead. 

(1) Prof. Emerson Reynolds has de* 
scril^ a process for the protection of 
lead ^^nst corrosion, which is done 
by coating it with a film of sulphide 
lead. He recommends the following 
method: Take 4 dr. solid caustic soda, 
dissolve it in pints water, and add 
to the liquid dr. nitrate of lead, 
fu* an equivalent of other lead salt, 
with 62 fl. dr, water; raise the tem¬ 
perature of the mixture to 194®P.. 
(90^ C.). If sufficient lead salt has 
been added, th^ liquid wiU remain 
somewhat turbid after heating, and 
must then berapidly struneft orffitered 
through asbestos, glass-wool, or other 
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suitable materuU, into a convenient 
v^sel. The filtered liquid is then 
well mixed with 25 fi. (b. hot water, 
containing in solution 1 dr. sulpho- 
urea or thio-carbamide. If the tern* 
perature of the mixture be maintained 
at about 168°P: (70® C.), deposition of 
sulpliide of lead or ^ena, in the form 
of a foA adherent film or layer, quickly 
takes pWe on any object immersed in 
or TOvered with the liquid, provided 
the object be in a perfectly cIoeui con¬ 
dition and suitable for the purpose. 
When the operation is properly con¬ 
ducted, a layer of galena is obtained, i 
which is so 8trong\v adherent that it 
can be (»Bily polished by means of the 
usual leather polisher. It is not neces- | 
sary to deposit the galena from hut | 
liquids, but the deposition is more I 
rapid than from cold solutions. 

(2) Dr. Percy observes that in the 
collection of the Museum of Practical 
Geology, m London, are a number of 
very thin sheets of lead, coated with 
bands of varied and extremely bright 
colours. Although the atmosphere 
has had free access to these sheets for 
about 30 years, the colours are as 
bright as they were at first. Jhe 
sheets were prepared at Beaumont’s 
smdting works, by dexterously skim¬ 
ming in the process of desilverising 
lead by Patunson’s pwjess. The 
colours are certainly caused by exces¬ 
sively thin films of oxide of lead of 
wious thickness. 

(3) Applying an internal bituminous 
coating is said to bo successful. 

(4) Boiling for 15 minutes in a solu¬ 
tion of sulphide of soda, by which the 
surface becomes coated with a film of 
su^hide of lead, insoluble in water. 

Silver.— (1) To prevent silverww^ 
from tarnish^, it is only necessa^ to 
brush it over with alcohol in which a 
little collodion has been dissolved. It 
di^ immediately, leaving a thin trans¬ 
parent invisible covering on the silver, 
which can be removed at any time by 
dipping the u*ticle hot vmter. 

(2) Silver paper. This is not the 
thin ephemeral-looking paper which 
the Fr^ch are fond of calling pdwe 


d’oignon, but a product discovered by 
a German pharmacist, and used, we are 
told, in some* of the Ia!^e towns for 
preserving silver from tarnish of all 
kinds. Six parts ordinary caustic soda 
are dissolved in sufficient water, and 
the solution is diluted to 20® B. To 
this solution four |)futs oxide of zinc are 
added, and the liciuor is iMiled until 
this oxide is dissolved. Sufilcient 
water is now added to bring the solu¬ 
tion down to 10®B. Thin paper or 
calico soaked in this solution and dried 
will effectually preserve the most 
highly {lolished silver from the tarnish¬ 
ing action of sulphuretted hydrogen, 
wUch is contained in appreciable quan¬ 
tities in the air of all densely-inhabited 
loddities. Several journals have men¬ 
tioned this prepiration, but the exact 
manner of carrying it out is that 
given above from the German periodical 
in which it appeared. It is evident 
that not only silver objects may be 
preserved by this device for a consider¬ 
able time, but scientific instruments 
made in other metals migltt be pro¬ 
tected also during a long journey by sea 
or land from the oxidising influence of 
the damp air. All that is necessary is 
to wrap up the articles completely in 
the paper, so that no extenud air can 
come in contact with them. (Bur- 
goyne.) 

Zinc.—Damp air soon attacks zinc 
surfaces, but forms a film of oxide 
which arrests further corrmiive action. 
Should the air, however^ cont^ acid 
vapoura, as it does in towns and near 
the sea, it is rapidly destructive. Soot 
is very injurious, forming a galvanic 
couple with the zinc, excited by the 
acid and wateiy vapour of the air. In 
contact with copper, iron, and lead, 
espedally in the presence of moisture, 
voltaic action is also set up, and soon 
destroys the zinc. This metal k also 
much affected lime, even in the 
form of chalky ^ter; and by all adds, 
oiganic not excepted, hence it sho^d 
not be joined to oak nor placed where 
urine may reach it. 
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design is put on the glass with quick 
drying paint (brunswick black), this 
, beiug sufficient to protect the glass 

(a) The sand-blast process consults with the light blrat ui^d for glass ' 
^sentially of some form of apptuutus etching. For stone or metalwork a 
which sends a blast of sand from a I tough elastic paper or cloth is fastened 
suitable noz^le, this stream of swiftly [ on to the surface as «described with 
moving sand particles, when directed | the newspaper on ^ass. 
a^nst a glass, stone or metallic sur- i For a moderately strong co|Ltinued 
f^, having the effect of pitting or blast, such as is necessary to cut away 
cutting the surface it strikes against, i the coloured surface of flashed glass (to 
The sand is flred out of the nozzle either I leave red letters on a white ground, 
by compressed air or steam, and the j with rut^ flashed glass for instance), 
sand is carried out with the stream or j any ordinary paper can be made suffi* 
jet of air or steam so that the issuing < ciently resisting by previously coating 
blast resembles a small but severe it (on the side that the blast will act 
sand storm. Compressed air is more on) with a mixtui^ of equal parts of 
gener^ly used, as the high temperature ordinary hot glue and glycerine. This 
of steam cannot be borne in many gives a good elastic suime. 
cases. For obscuring or fitmting glass The sand used must be what is 
only a moderate strength of blast is i known as “slmrp.” Sea-sand is un- 
ne^ed, while with a strong blast suitable, for instance, as the constant 
granite and marble can be deeply en* : motion lu« worn and rounded its sharp 
graved, scale removed from iron, and | edges. Ordinary sand, if sharp, is 
more difficult works effected. ! quite suitable, and must be dry. It 

Of course if the sand-blast is directed can be used over and over egain until 
against a plain unprotected surface the it is found to be losing cutting power, 
whole of that sur&ce will be acted on, It does not require to be very fine, 
therefore to form or engrave designs Crushed granite will serve the pimpose, 
on a surface some protective agent while emeiy has probably the greatest 
must be employed to ^ose |^ts which cutting properties of any commercial 
are not to be effected or "etched.” substance. The use of emeiy is referred 
It will be underetood that the best to in describiug the sm^l etching 
protective agent to, be employed is appliance at the end of this article, 
something tlbt is more or less elastic, (h) Clemsiwj Metalt loith the Sand- 
as such a substance is not easily eaten In large establishments en* 

or worn away by the sand while the ^ged in galvanizing cast-iron without 
blast is dofbg its work on the unpro- previous finding, the use of the sand- 
tected Burf^. For glass, ordinary blast in place of the circular wire 
soft paper, like newspaper, is sufficient, brush lias recently been introduced 
a piece of this being cut out to the with great advantage. Articles with 
pattern required, and gummed or deep depressions, which cannot be 
pasted on to the glass. The blast will reached with the scratch-brush, as wdl 
then etch all the surface except where i as small articles, which cannot be 
the paper is, so that when the paper is conveniently held in the hand and 
washed off, this part wiU be found pressed against the revolving scratch- 
clecu* glass. If the design is to be brush, can be brought 1^ the sand- 
etched, then the paper is cut so lhat blast into a state of sufficient metallic 
the design on the glaffi is left uncovered purity for the galvanizing process, 
for the sand to act on. When a large Howe^r, while the revolvit^; scratch- 
number of pieces of glass have to j brushes impart to the objects a certain 
etched to the same design, then, so the I lustre, tliey acquire 1^ the sand-blast 
writer is informed, a paper or metal I a matt lustre, and hence the* blast is 
stencil is cut and bycneans of this the | ^so frequently used for the purpose of 
• 
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deadening luatrous surfaces to their 
entire extent, or of producing contraat; 
for instance, matt des^ns upon a 
lustrous ground, or vice vcrsd. 

The compressed air, whose pressure 
must be at least e(]U^ to w 18^ in. | 
column of water, passes throt^h the : 
blast-pipe into a nozzle running hori¬ 
zontally, and carries away from there 
a jet of sand which falls into the out¬ 
flowing blast, and is hurled upon the 
objects placed under the nozzle. The 
objects rest upon sheet-iron plates or 
in boxes of sheet-iron, which, moving 
at a slow rate, pass under the nozzle. 
To prevent dust the machiue can be 
provided with a wooden or sheet-iron 
casing, a few windows allowing a view 


the scale and rust can be removed, 
and the paint applied to the clean 
surface, they .« will have very little 
trouble in making it hold, and it is 
also quite generally admitted that the 
most successful way to do this is with 
the sand-blast; but the question of 
getting a machine to successfully apply 
this sand-blast is one that has bothered 
a great many. 

The sketches, 22, are <lesignB 
j used in the Aurora sliops, and tvtro 
; years of experience liave proved this 
^ arrangement to be practical, successful, 
and cheap. 

I At the left is an ordinary tank, 

I porUiblo, for holding the sand. This 
' tank can be moved wherever required, 



•f the interior. The sand used in . 
Iflosting collects in a box and is re- | 
turned to the sand-reservoir by an | 
elevator. 

The jet of sand acts not only upon 
the upper side of the objects, which it 
strikes first, but also almost as ener¬ 
getically upon the low^, so that, as a ' 
rule, the cleansing process is completed 
hy one op^tion. Articles of a speci¬ 
ally unfavourable shape must be passed 
twice or three times under the nozzle. 

(o) The question of painting loco¬ 
motive tanks BO that the paint will 
last and not scale is one to which our 
iPoomotivepainters all over theoountry 
have given quite a little study, and 
many jire the schemes and formulm 
recommended for this class of work. 
It is admitted by all of them that if I 


; as the air is supplied with a h(»o. 

I The size of the tank can be varied to 
I suit local conditions, air is 

applied on top of the^suid, emd also 
at the combining nozzle jbo ensure a 
steady rapid flow of sand. The nosusle 
used is an ordinary piece of iron pipe, 
it being found cheaper to use a nozzle 
of this kind, and renew it a little 
oft^er, than to make a hard steel 
nozzle which would probably last a few 
hours longer, as the sand in either 
case soon destrOTs the nozzle.' 

The success of a saml-blaBt depends, 
in a measure, on the velodty with 
which the sand can be delivered against 
*the iron. 

On the right u a storage reservoir, 
wh^re the air from the compressor is 
I pumped to 100 pressure] 
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. There is an ordinaryS in. Westing- 
house ur-pump, and the air from the 
compreraor runs this pump, and also 
delivers the air to the* air-pump at 
100 lb. pressure, being piped direct to 
the inlet-valv^. By combining the 
in this manner the pump will 
deliver the air to reservoir No. 2 at 
150 lb. pressure, and this pressure in 
turn is delivered to the san^tig appa¬ 
ratus on sand-tank. The size of the 
hi^b-pressure tank can be varied to 
suit local conditions ; but it is well to 
have this rather large, so that when 
it is desired to sand a tank, the air 
stored up wQi last for some time, as 
the pump will not be able to compress 
air to the high pressure as fast as it is 
used; but by having a large storage 
capacity, and having the tank cliarged 
before the work is started, we are 
able to sand-blast a tank very quickly. 

After the tank has been very tho- 
rougldy sand-blasted, it has been found 
good practice to give it one coat of 
linseed-oil, and thou wipe off as much 
of the oil as will come off readily, and 
allow it to stand for twenty-four hours, 
to be sure that it is fwly dry, and 
then apply the punt in tiie regular, 
way. (‘ Hailway and Locomotive, 
Engineering.’) 

(d) The sand-blast is ijow put to 
many uses. One is the cleaning of 
ships’ hulls, this methc^ finding fiivour 
in our dockyards for this and other 
purposes. Constructional ironwork 
can also be cteaned very effectively by 
this means, if it is sitmited where the 
flying sand and dust are not objection¬ 
able. It will not only remove dirt, 
but also ol d p aint if the pressure is 
sufficient, \^en tried in New York 
it was found that an air pressure of 
^ lb. was sufficient, this being de¬ 
livered through 800 ft. li^ in. hose, 
and, after passing through the sand 
mixer, issuing from a ^ in. nozzle. 
Two nozzles cleaned 700 to 800 sq. ft. 
of surface pea* day. In cleaning the 
stone of a coU^, very effective 
work was done with an air pressure of 
12 to 15 lb. per sq. in. 

(e) A simple method of seeing the 


' effect of attacking a glass surface with 
shaiqt grains of sapd-Uke material can 
' bo tried by a home-made contrivance. 
It is a device much in the nature of 
) a toy, yet ut numberless ca^es a painto* 
or ghusicr could use this means of 
etching a small piece of glass to match 
a broken piece, or for any special 
purp(»e. It is easier’and quicker than 
the use of acid, or sending to a^lass- 
workers’ for a piece to be made. 

Fig. 23 shows nearly all that is . 
necessary to effect this. A box, like 
a cigar-l^x or a little larger, has the 



Fig. 23 


piece of glass tacked, or otherwise 
secured, as shown; the glass being)||^ 
previously painted with the design, or 
a piece of cut paper pasted on it, as 
described in (a) page 47. The p^ 
of the glass which have no pap^ or 
paint on them and which are to be 
etched must be quite clean and have 
no gum or dirt on the surface. Now 
procure a small handful of ordinary 
lead shot, about No. 5 or 6, and about 
an egg-cupful of emmy powder. This 
powder must not be too fine, but more 
the size of sand, like a fine sluup grit. 
Put the emery and shot into the tox, 
dose the lid, then shake the box up 
and down so that tl^ shot will strike 
down on the glass. What first happens 
is tfaftt the emery gets embedded in 
the shot so that each shot becomes a 
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Hmall ball covered with fine emery 
points, and as soon as the shot is in 
this condition it will be found to have 
quite a rapid etching effect on the 
glass. From fifteen to twenty minutes 
shaking will be found sufficient for 
ordinaiy purp^oses. This simple appa¬ 
ratus can be used for metal if required. 
If the. box lid does not shut souinlly, 
the joint can liave paper pasUnl over, 
thoi^h should there Iw regular use 
for it a proper dust-proof lx>x could 
be made W the purjxjse. 




, Saws. 

SHAEPKNINO, SETTINO, PITCH 
OF TEETH, EEPAIRS, BTC. 

(a) It is the |»*aciice of some men to 
set a saw and sharpen it afterwards 
while others reverse the two processes. 
In both cases good results are obtained, 
but the former practice is generally 
followed. 

It is not as widely recognised as it 
should be tliat the sharpening and set* 
ting of saws is work re(]uiring great 
practice and skill, for there are so many 
things, and some of them apparently 
so trifling, that go to nudie the saw 
work and wear badly. If, for instance, 
a saw is sliarp and newly set, it will 
not work p)ru|terly if the setting is 
irregularly done. The setting is per- 
liap)8 of the greatest importance, yet if 
the sharpening is not done at a correct 
angle, the cutting will be bad and 
* ‘ wedging ” result. The size of tooth 
and its pitch is governed by the work 
I the saw is supposed to do. The 
dimensions are given a little f urtheron, 
but it may be stated here that teeth 
of mixed sizes will not serve on one 
saw. The retting must be regular and 
not too great; on the other hand it 
must be sufficient. The grater the 
set the more work there is involved in 
sawing. It might therefore be argued 
that the least ptrasible s.it would be 
best, but here the operator has to re¬ 
member that the wear of the metal, in 
work, must be allowed for, this reduc¬ 
ing the angle of the set by simple 
abrasion. 

Setting.—^The setting of a saw may 
be done in several ways. A pirofessional 
saw-setter always uses a hammer and 
set-block, as these give good results 
in practised hands—hands (and eyes) 
that are unerrii^ in affording just the 
needful blow and hoIcUng the saw at 
just the correct angle for accurate set- 
tii^. Other tools are more &voured by 
th? amateur, and it must be admitted 
that there are n^ytr tools to be had which 
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leave little or nothing to be desired 
in obtaining accurate results. Their 
only fault is that they bend the teeth 
in operating, giving a more or less 
circular set, whereas the hammer blow 
carries the tooth over acutely or flat. 
Tlie oldest form of saw-set is as Fig. 
24, this bein^ steel plate with notches 

nm ^. 

- 11 1 . . ^ 

Fig. 24, 


ing the tooth too sharply near the 
point, while the latter requires greater 
expenditure of force. Over^setting 
may be corrected by slight blows in 
the opposite direction. A very simple 



as shown, each notch beit^ of a diiTerent 
gauge to take any thickness of saw. 
This is distinctly a lieudiiig tool, and, 
except in very practised hands, no two 
teeth will be l>ent to the same precise 
degree they sliould be. 

In setting by blows, the saw is laid 
nearly flat with its teeth along the ridge 
of a round<e%ed anvil held in a vice, 
of varying curve to produce an angle 
suited to the character of the saw, as 
Kg. 25. Alternate teeth are tlien 
struck in a most careful and uniform 



Fig. 25 


Fk.. |6. 

apparatus for bent setting may be 
made as shown in Fig. 27. It consists 
of a wooden framework a, cturying at 
the base a movable steel anvil h, each 
of whose eight edges may be ckkmfered 



manner with a peculiar hammer as 
20, the object of the blow being to 
bend every tooth in exactly the same 
d^^ sideiroys. When half the teeth 
have been 80 treated, thesawis reversed, 
and the second ludf are similarly served, 
only in the opposite direction. There 
it a risk of giving either too short or tbo 
long jet; the former ftsults in bend- 


to a different bevel. The frame¬ 
work also supports a steel punch c, 
free to slide up and down; the end of 
the punch is bevelled, the angle corre¬ 
sponding (there are eight punches) to 
'the angle of the side fa the anvil to be 
used, which vilries with the kindpf saw 
to be set. To set the saw, it is Wd on 
the anvil with the teeth overhanging 
X 2 
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the bevel desired and under the line of 
of the punch, which latter k 
applied to alternate teeth in succession 
by striking it with a liammer. The 
advantage of the apparatus is that the 
amountof setgiven to each tooth must 
^ree with the bevel of the punch and 
anvil^ Fig. 28 is an ingenious set for 
fastening to a bench. 



For setting by band leverage there 
are several tools to be obtained, new 
designs being of frequent occurrence. 
Btgs. 29 and 30 will serve to show the 




principle underlying most of them, the 
closing of a pair of handles causing a 
compressive lorde (much bke a machine* 
punch) to be exerted against each saw 
tooth when brought into a prepared 
space in the tool. The latter design 


is suited for every kind of saw and its 
©Iteration may be described as follows:— 
Hold the sawou any level place, teeth 
upvmrds. Place the set on the saw as 
shown. The anvil h is movable up 
and down, and must be regulated to 
sitit the distance that the operator 
desires to set his saw teeth down from 
their points. must be taken not 
to have the angle or the point where 
the bend is made below the base of the 
tooth. The nut or the screw a fastens 
the anvil in any d^ired position. The 
guard e, when moved forward, increases 
the amount of set to be given; when 
moved back decreases it. The guard 
is made fast by the screw d. The set 
is operated 1^ compressing the handles 
/, which carries the plunger g forward, 
and takes effect on the tooth of the 
saw Cf as shown. Great care should be 
taken against setting saws too wide, as 
with too much latitude they will 
chatter and tear rather than cut, at a 
great cost of power and waste of mate¬ 
rial. All saws should be set or pressed 
into line three times to one filing, as 
constant use the teeth wear off on the 
outside at tlunr points, causing them 
to heat and spring out of true, thus 
spoiling the saws, burning the wood, 
consuming'^power, and retarding the 
work. 

Filing.—^Both hand filing and 
maclune filing have their advocates. 
The former is generally more conve¬ 
nient, and may be rendei^ sufficiently 
regular by means of guides. The 
latter gives greater sp^ and regu¬ 
larity at less cost. 

For hand-filing the fint requisite 
is a “horse” or Vice. Fig. 31 is 
an old form consisting merely of 
two strips of wood (which may be 
pine, hut hard wood is better), 
about 3 in. wide and l-ll in. thick, 
joined laterally by a wooden screw 
passing through both at one end, 
and having their upper outside edges 
chamfered off. Tm toothed edge of 
the saw stands sufficiently high 
aiMve the clamp to allow, the ffie 
to be used m a sluiting ^dkeotion 
without coming ,mto contact the 
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clamp. The whole is held in a bench 
vice. 

The more r^lu* forla of vice is as 
32, The illustration shows the 




free ends of these lower cross-pieces, 
they arc caused to tighten the jaws 
when they are pressed down in pl»oe 
with the foot. This is' all plainly 
seen in the illustration. 

To reduce the noise,occasioned 
saw-filing, have a layer of l«ther or 
some folds of paper 'tet’f^een the saw- 
blade and the jaws of the vice* The 
blade must be held tight, as any jar or 
vibration jprejudices the work. 

Jointing*.—To put a saw in order, 
the first thing to bo done is to “joint" 
the tops of the teeth, or render them 
uniform in length. This is termed 
“top-jointing" in fitraight saws and 
“ roundii^ " in circular saws, To 
carry it out, Hodgson recommends the 
following cheap and expeditious 
plan. Procure a block of wood, 
say Sin. long, 3 in. wide, 1 in. 
tliick, dres^ strmght and 
true, then noil a similar piece 
on one edge, thus forming a 
comer in which to place a Se. 
The file can then be held with 
the fingers, or be secured in 
various ways. Place the file 
fiatly on the teeth, apd press 
the larger block against the 
side of the saw blade, tlien ff^e. 
ofi* the points of the longest 
no. Si. teeth until the file just touches 

.... • the extremities of the short 

details, there being two jaws lunged at I teeth. It is important that the file 
the bottom and, when closed, tightened | be held in such a position that it will 
by a cam handle. This 
vice has to be secured in a 
stimd or in another vice. 

Fig. 33 shows a good 
form erf vice suited for 
largw saws, yet being of 
aeryice for small ones. 

This consiate of two side 
frames, each carrying one 
jaw at the top, these 
frames being hinged on 
the bolts of the upper 
end cross-pieces. The 
lower cross - pieces are 
bolted at one end only, 



the other end acting as a latch to 
secure the whole wh^ the saw is’ in 
between the jaws, • By sloping the 


FlO. 33. 

• 

take off the* points exactly right 
angles, with the blade, otherwise the 
teeth will be longer oa one side than 
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the other, which will cause the saw 
to deviate or “run” more or less. 
Grunshaw renwks that the operation 
u generally 'performed with a &kt or 
“ mill ” file, although it may be done 
with a plane eipery rubber or a whet¬ 
stone. 

“ Side-jointing is the term applied 
to a pi^cess for correcting irregularity 
in the set, or preventing undue side 
projection of any tooth ; eacli t(M)th is 
thus made to do only its fair sliare of 
the work, and scratching or ridging 
of tlie sawn surface is avoided. It is 
most effective on swi^^ed teeth, and is 
perfomied by a side file set in an ad¬ 
justable olamp as shown in Fig. 34. 



Filing Tools. —Very useful ad¬ 
juncts to inexperienced workmen are 
the so-called filing guides, which deter¬ 
mine the angle of contact and degree 
of force with wliich the file is applied. 
Fig. 36 shows a simple form, easily 
worked, and adapted to l)oth straight 
and circular saws. The saw is held 
in the clamp a. On the guide is a 
circular plate 6 graduated to a scale 
for setting the file to a bevel for either 
side or squ^ across the saw. 
e extend from the plate over the 
clamp into grooves in the sides of the 
clamp. On the fiether side of the plate 
6 are ^ number of grooves correspond¬ 
ing to the scale on the edge, and into 
which a raised rib on the arched 'piece 


e engages, and is held in place by the 
thumb-screw d on the top of the plate. 
Through the ebds of the arched pece 
c slides a rod /, to which are secur^ 1:^ 
screws the arms that cany the file ff. 
By loosening the thumb-screw d, the 
file is readily clianged to any desired 
bevel, and the handle of the tool may 
be lowered. When the file is set to 
the re(tuire(l l>evel it is secured by 
tightening the thumb-screw d, and its 
pitcli is regulated by a set-screw in 
the socket of the arm at the handle. 



I During the openition of filing, the rod 
I governs the pitcli and bevel, so that 
every tooth is ccjually filed. The ma¬ 
chine is adapted for full, hollow, 
straight-edged, or circular saws. A 
table is issued with the machine, giving 
the correct bevels and pitches W Gie 
various kinos of saw to be filed. 

Elkin's patent saw sliorpener, Fig. 
36, enables any person to accurately 
and quickly sh^pen any straight saw, 
including rip, cross-cut, #juck, baud, 
jig, etc. It is a combination of clamps 
and adjustable guides, by means of 
which the saw can be firmly clamped 
and correctly sharpened. Ibe adjust¬ 
able guides can ^ »> in^ked as to 
give the tooth the same bevel, pitch, 
and elevation. The machine is simple, 
strong, and durable in construction, 
It only occupies a space in inches 
of 16 by 8 by 3. For use, secure it 
to a bench with two screws, place the 
saw in the clamp, with the t^Gi just 
above the face or upper port of the 
jaws—the handle to the right, 
rod, upon wfiich the travelling plate 
slides as each ^th is filed,, can be 
secured at any ^^rired elevation by 
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means of the thumb-nUts at the ends. 
Having obtuned the elevation, the hie 
is brought across the sa^ at an angle 
corresponding with the bevel of tlic 
tooth, and there made fast by tunni^ 
the thumb-screw beneath the travelling 
plate. In order to get the correct 
pitch of the tooth, the loose bushing, 
tlirough which the file carrier })asses, 
must 1)6 perfectly free, and by pressing 
the file down Iwtween the teeth, you 


cut. For small teeth at 60*^ it is con- 
voniont to use a file which will shtu^ien 
the l«ck of one tooth and face of the 
next at the same time. Float”.or 
j singic-cut flics are the l)est. Double- 
' tapered triangular files are not to be 
recommended ; when, used, they 
should have a button at the point end. 
Files for Ijand-saws are made with 
rounded angles to suit the guAets of 
the teeth. Ordw and regularity iu 



have the pitch. This bushing is held i 
in its proper position by a set-screw. ^ 
Alv^ys file from the handle toward I 
the point of the saw^ an<l never press | 
down upon the file when it is being ' 
drawn l:^k. Having filed one side of 
the saw, it should then be reversed | 
with the Randle at the left. Then ' 
swing the liandle of the file to tho left, 
bringing the file across the saw to the 
correct bevel. The pitch of the tooth 
is again to be obtain^ as before. 

The files employed for sharpening ' 
saws include fiat (“ mill ”), tria^julw, j 
round (for gulleting), and special 
shapes, varyii^ of course in size and in 
grade of cut. The width of the file 
should always be double the width of j 
the surface to be filed. Preference is 
given to files in which the grade of the 
cut (distance between the teeth) ii^- ; 
creases progressively from point to j 
heel; with this exception, h^d-^cut j 
files are esteemed siyperior to machine- | 


filingare essential. Common rules for 
filing are : (1) File the faces before the 
backs; (2) if the teeth are to be square, 
file in r^lar succession—1, 2, 3, 4; 

(3) if they are to have fleam, file 1, 3, 
5, 7, to right, and 2, 4, 6 , 8 , to Ic^t; 

(4) file the fronts of all teeth set from 
you, and the backs of those set towards 
you. (Grimsliaw.) 

In slmrpening saws 1^ means 
ornery wheels, the speed of the wheel 
has great influence on the cutting 
action. The coarsens or fineness of 
the grit composing tlie wheel must be 
BuiW to tlie nature of the work. The 
average speed of periphery adapted for 
most purposes' is 4500—6000 ft. per 
min., tlie slower speed being fen* wheels 
of 12 in. diam. and less. I^ese wheels 
are only employed satisfactorily on 
large circular saws. 

Saw-T^eth.—% saw consists of 4 
ports—face, point, back, andigullet or 
throat. Teeth vary in spacing, length, 
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angle, rake, aet, Hearn, and form of 
gullet. A saw blade may contain 
several kinds of teeth in succe^on; 
but all teeth of a kind must be either 
quite uniform or arranged in a regular 
order of change. 

The followkig table includes saws 
generally used by.mechani(s who work 
wood J>y hand :— 


for liard and knotty wood, but for soft 
wood it is better that all the jntch 
sho^d' be 051 the cutting face—an 
upright edge with sloping back. For 
varied work the usual angle is 40®, the 
pitch being equally divided. Teeth of 
any angle but 60® are not so readily 
tiM with an ordinary file. 

The degree of rake may increase in 


Nunes. 

Length 

ID 

Inches. 

Breadth 

-- 

At Handle. 

n Inches. 

At Knd.. 

Thickness 

in 

Inches. 

Teeth to 
the 

Inch. 

Without Sacks. 
Rip-saw. 

28-30 

7 -9 

3 -4 

0-05 


Fine rip-saw . . 

26-28 

6 -8 

3 -3i 

0-042 

4 

Hand-saw .... 

22-24 

6 -74 

2J-3 

0*042 

5 

Cut-off saw.... 

22-24 

.8 -7J 

2i-:! 

0-042 

6 

Panol-saw . . . ‘ . 

20-24 

4 -6 

2 -2i 

0-042 

7 

Fine panel-saw. . . 

20-24 

2 -24 

0*035 

8 

Siding-saw .... 

10-20 

2i-*i 

U-2 

0*032 

6-12 

Table-saw .... 

18-26 

li-2i 

1 -u 


7-8 

Compass or lock-saw . 

8-18 

1 -li 

■ H 


8-9 

Keyhole or pad-saw 

6-12 

i-i 

4-1 


9-10 

With Sacks. 






Tenon-saw .... 

16-20 


3i-4J 

0-032 

10 

Smb-saw .... 

14-16 


24-34 

0*028 

11 

Carcass-saw . . . 

10-14 


2 -9 

0*026 

12 

Dovetail-saw . . . 

6-10 


14-3 

0*022 

• 

14-18 


Band'Saw teeth should have a tooth 
space ^ual to ^ the width of the bl^e 
for soft wood, and | for Iwixi, while 
the depth of the tcrath in each case 
should be ^ the width of the blade. 

The length of too^ is governed by 
the hardness of the wood, the longest 
teeth bdng best adapt^ for wet, 
filarous, and soft wo^s, as givit^ 
greata* clearance ; but more care is 
needed in havii^a moderateTand r^u- 
lar set. 

The wngle of ewto teeth may vary 
between about 60®’knd 40®, The fun¬ 
damental angle is 60®. This may be 
in the form oi an equilateral triangle 


(Holtzapfel.) 

c 

proportion to the softness of the wood; 
m hard woofb it causes a tendency to 
sprii^ in. It may also be greater in a 
circular saw on account of its grater 
spe^, Rg. 37 (from Grimshaw) shows 
various d^rees of rake, the arrows 
indicatii]^ the direction cd the strain. 

The set of a tooth may be ritho* 
“ spring ” (bent) or ** swag^ ” 
(spire^), The former cut only on 
one side, have more tendency to spring 
in, and are more subject to side strains; 
^e latter cut on both, sides, unless 
tney are sheared, and they are less 
liaUe to sming in and suffer from side 
strains. The mo^ gummy theiwo^, 
* r 
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bhe greater set is needed. .Circular portion to Uie softness of the wood; 
saws require more set than straight the spacing and depth of gullet should 
ones. • * be augmented for fibrous and porous 

Tkefieam or side angle of the teeth wood; thin blade and slight set are 
varies from 80® or 90® horizontally for desirable for costly wood ; a thick 
bard woods, to 60® or 70® horizontally blade is demanded for hard wood, 
and HO® or 85® vertically for soft. It (5) Theoperations en&iledin keeping 

is most efieciive in the case of soft a saw in working order are threefold 

—filing, settihg, and gum¬ 
ming. These will be de¬ 
scribed in succession. 

First of filing. It is a 
great d^ easier to keep a 
saw sharp by frequent light 
file touches than to let it 
get BO 4^11 bb to need a 
long-continued filing down, 
after it gets so dull^ as to 
refuse to work. The saving 
in power, by using a sharp 
Fio. 3 T. saw, is very great. Thinner 

blades may be used than 
woods free from knots ; and should where the teeth are dull; because the 
not accompany a bent set, as both duller thesaw, the more power required 
aQpnvate the tendency to spring in. to drive it through the wood, and the 
The gvllH or throat should, always more strain on each tooth separately, 
be rounding and never square, as the and on the blade as a whole. For the 
latter condition gives a tendency to same reason, longer teeth may bo used 
crack. Fig. 38 (modified from Grim- where tliey are sharp than where 

they are dull. The advantage 
of using sharp teeth is greatest 
in those saws in which the 
strain of cutting tends to de¬ 
form the blade—as in all "push 
Fio. 38 . cut ” stra^ht saws and in dr- 

culars. (Grimshaw.) 

(c) The saw, secured in a projw 
ctemp, should be placed where a strong 
light \^1 &11 on the teeth, so that the 
filer can have the full advant^ of all 
the light he requires. Should there be 
a deficiency of light the filer should 
provide a good lamp, and place a darit 
shade between the l^bt and his eyes, 
so that he can see at a glance when 
every tooth is filed to a complete point. 
One careless thrust of the lie, when a 
tooth is filed enough, will do a saw more 
harm than can be repaired by hour’s 
filing. A beginner should always take 
a tiy-squsre and tiiei sliarp point of a 
small file, and make a hair-mark from 
the point of every tooth at^i i%ht 
angle with Uie teeth on tlm sides of the 


snaw; snows wnen tne gullet requires 
deepening, ^y a process known as 
"gumming.” The tooth a is in per¬ 
fect order; h is still capable of doing 
good work; but c demands gumming. 
The higher the speed and the fristef' 
the feed, the grea^ the necessity for i 
rounding the gullet, especially in band¬ 
saws. Spaulding’s rule for finding the 
amount of gullet in sq. in. per tooth 
for circular saws is to double the num¬ 
ber of cub. in. of wodd removed at 
one revolution, and divide by the 
number of teeth. Insufficient gullet 
causes caking, heatup, and uneven* 
running.' 

The depth, fleam, hook, and rake 
of teeth may increene in direct pro- 
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blade. This sliould be done when the 
points of the teeth are all at a uniform 
dutance apart. Such marks will en¬ 
able the filec to keep the &oe of every 
tooth dressed at the most desiiable 
angle. These directions, however, are 
only applicable to saws intended for 
cross-cutting. Beginners must always 
esercian unusual care when filing the 
back of each tooth that has been fin¬ 
ished. After the teeth arc filed to 
complete points it is an excellent 
practice to go over them carefully with 
a luhlf worn-out file, for the purpose 
of bringing the points to a more perfect 
cutting e^e. (Hj^son.) 

(}uiU 2 nmg.-~Oumming consists in 
deepening tlie throat or gullet of a saw, 
and is effected ly means of punches, or 
preferably ly rotating steel cutters or 
emery wheels. Too often the gumming 
is neglected, more of the of the 
tooth being filed away inst^, thus 
reducing the diameter of the saws and 
causing waste. 

Accordiz^ to Duncan Paret, the 
simplest method by which solid emeiy 
wheels can be applied for saw gumming 
is by placiz^ mem on the spindle of 
the circular saw. The saw to be 
gummed can then be laid on the saw 
table, or supported in any convenient 
way. A simple way is to pass the end 
of a rope with a sm^l cross stick on it 
through the eye of the saw, and thus 
suspend the saw so that it swings 
evenly balanced just in front of the 
emery wheel. The weight being thus 
carri^, the operator only has to use 
his liands to guide the saw gainst the 
wheel. Where expensive machineiy 
is scanty, and where people are slow 
to introduce the latest improvements, 
there is a steady demand fur saw- 
gumming wheels 14-24 in. in diameter. 
Where the latest improvements are 
quickly added, r^ardless of price, 
nearly all the emery wheels us^ for 
saw gumming are 12^ in., none of the 
mach^es specially designed for saw 
gumming being intended to cfury any¬ 
thing above a 12'in. wl^l. Emery 
wheels*are unfavourably contrasted 
with grindstones as causing a heating 


{ of the saw, but this can be obviated by 
using t]ie wheel under a small con¬ 
stant stream of water. One advanb^ 
of a rotating steel-cutter gummer over 
an emery wheel is that, whereas an 
inexperienced hand can ruin a saw by 
c^-hardeniug with an emeiy wheel, 
this cannot bo done with a steel-cutter 
or “burr gummer.” Most of the 
emery gummers for circulars retjuire 
that the saw shall be taken off its 
arbor to be gummed: all burr gum¬ 
mers work witli the saw in position. 
(Grimsliaw.) 

(d) The order followed in renovating 
the cutting edge of a saw should 
(1) gumming, (2) setting, (3) filing; 
but as the l^t named is often the only 
kind of attention the saw receives, it 
has been described first. , 

(c) Having discussed the general prin¬ 
ciples on which tlie renovation of saw 
t^th is based, and detailed the manner 
in which the operation is conducted, 
a few illustrated examples may be 
given of the teeth of the chief kinds 
of saws in use (see Fig. 39). 

Hand Saws.^l) Cross-cut saws 
(hand) vary from 12 to 32 in. in length. 
Their tooth edge should be straight or 
a trifle bulged in the middle. The 
teeth should be fully set and well 
jointed, a^hows the best tooth for 
cutting soft wood ; b u better adapted 
W wood of medium hai^ness and for 
mitreii^ soft wood; c, for harder 
wood, has the back of tlm teeth filed 
square. For cutting timber the 
teeth are made mu^ larger, ^t 
resemble those in b, the set being 
increased with the wetness of the 
wood. The long cross-cut saw for 
two men is toothed as at i, the cut- 
tii^ e(^ of the saw being appreci¬ 
ably highest in the middleaudgradually 
tapering towards each end ; tl» bevel 
shown is adapted to soft or wet wood, 
and must be lessened for harder or 
drier material. jk represents an 
American hook tooth, wmch is based 
•on the principle that while ^e fleam 
teeth or knives are cutting into the 
wood, the hook teeth remove the 
“dust.” These^saws work easfiy uid 
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cut rapidly. The rake of a cro8g>cui 
saw is at the side. It hikes less 
inclinatioci than the crtoss-cut. The 
cross-cut requires finer and more par¬ 
ticular filing than the rip or web saw, 
and cannot be considered well filed 
unless a needle will travel down the 
angular groove which is formed by the 
line of alternating points of teeth seen 
in all well-filed saws. Wlien tlie 
teeth are so regularly formed that a 
needle will travel from end to end in 
the angular groove, and the points arc 
sliar]) and keen, the saw will cub a 


(Kg. 39); the former suits soft wood, 
while the latter is for harder wood and 
for mitreing. The thinness of the 
blade of the back-saw is oompen^ted 
for by the stiff back, which miat be 
kept tightly in pl(use. 

(3) The fleam tooth id illustrated at 
f. It is only a^^ted for very clean 
soft wood, which it cuW rapidly and 
smoothly. It has no set, and is filed 
while lying quite flat. 

(4) Buck-saws are represented at g 
I and h^ the former bcii^; for wet or soft 
I wood, and the latter for dry or hard. 



kerf in the wood that will have a flat 
bottom. The last teeth of cross-cut^ 
luay be rounded at the points, to 
prevent tearing the wood when enter¬ 
ing and leaving the ^t. 

(2) Back-saws aae shown at d and e 


(6) Web, scroll, and compass saws 
are best provided with teeth as shown 
at /, for wlulst thej have to perform 
both ripping and cross-cutting^ a tooth 
adapted for the latter wi|l perform 
the* former operation, thongh more 
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slowfy, tmt tho converse rule does not 
hold good. Finer teeth will be neces¬ 
sary for hard wood. The backs of all 
saws of this class are made very thin, 
to avoid the necessity for givii^ a set 
to the teeth. 

(6) Tho rip-saw, for cutting wood 
longitudinally, requires an essentially 
difiervit tooth from the cross-cut. 
Fora verticalmill-saw, the best form of 
tooth is that shown at the edge of 
each tooth being spread out by means 
of tho crotch-punch. An inferior- 
stuped tooth is seen at n, the setting 
being on one side of the tooth only, 
taking opposite sides in succession. 
0 illustrates the ^st form of tooth 
for a hand rip-saw, the action being 
precisely like that of a mortice chisel, 
^e rake of a rip-saw is in front. It 
takes more incl^tion than a cross¬ 
cut. The points of the teeth should 
be trued with a stimght-edge, as, in 
general experience, a rip-saw do^ 
more work, with greater ease, stn^ht, 
than when either rounding or hollow 
on the cutting edge; some good 
workmen, however, prefer rip-saws 
slightly hollow, not more than ^ in. 
in the lei^h of the blade. The hand 
rip-saw is usually a few inches longer 
t^n the cn^-cut, but has fewer 
teeth. Hip-saws are often given too 
little rake and gullet. The hrst 6 or 
8 in. at the point of a hand rip-saw 
may have cross-cut pitdi, to allow of 
cu^i^ through knots without havii^ 
to change the saw for a cross-cut. 

Oiroulax Saws.~(7) Circulm'-saw 
teeth generally have greater space, 
uigle, and set than the teeth of straight 
saws, They should be hied on the 
umler side ; widejy spaced, very hook¬ 
ing, tmd with plenty of gullet to let out 
the chips. Teeth of droular saws can be 
gauged to exact shape ly having a piece 
of sheet steel cut out to fit. Absolute 
likeness in all respects can be controlled 
by having a piece of sheet metal cut to 
the required outline and attached to 
an arm forming*;^ radius of a circle 
from the shaft carrying the saw. 
Three liight filings preferable to 
one heavy. The shape of undeq-cut 


teeth is apt to be altered in filing. 
The hiring sides of M teeth requu^ 
special files. . When a tooth is broken 
so as to be only slightly short, it can 
often bo brought out to line ly using 
the crotch-sw^e as a lever while 
hammering upon it. The saw should 
always be allowed to run free for a 
few minutes before removii^ it from tho 
sliaft. Circular saws should always be 
cither huug up in a free perpendicular 
position, or Wd quite ^t. Fig. 40 
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shows a scries of circular-saw teeth of 
varying shape and rake. The softer 
the wood, the greater rake admissible* 
In some cases (6, o) the back rake 
tends to roducei the acuteness, c ia 
recommended for rippit^ hanl wood 
in winter; c, for ha^ wood in 
summ^; for all kinds of wood in 
summer; &, c, for harder'woods than 
when no bock rake is given; /, with a 
rounded ^llet, 2 in. long for sc^t 
wood, If m. for hard; h, », jt ifc, n, are 
forms of ripping teeth Httle used in 
soft wood; I is popukr in Eutom ; 
m is a cross-cuttii^ tooth, veiy li^le 
to break on a knot in frMty weather. 
The question of few or many teeth 
in a circular rip-saw depends ahnost 
entirely upon the charaoW of timber 
being ripp^; and the feed per revolu¬ 
tion should ho made depe^ent upon, 
•the strength of the teeth to resist 
tweaking, and the capacity of the 
gullet to hold the cuttings.'. In a 
crufs-cut the comUtions are diflereot. 
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To Btraighton a circular saw, got a (3) they cut a brooder line, and are 
hard'wood block 12 in. by 12 in. ; bed consequently more waateful. 
it on end on the ground (not floor) ; The speed of circular saws varies 
round the top off with | in. rise; n^ with the size, as follows: 8 in. 
up a joist at the buck of the block diam., 4600 rev. per min.; 12 in., 
for the saw to rest on ; let its face be 3000 ; 16 in., 2200 ; 20 in., 1800. 
an inch below the top of the block. The speed for cross-cutting can be 
Use a 3 or 4 lb. blacksmith’s hammer increased with advantage 1000 ft. be- 
for saws over 50 in. ; a lighter one for yond those used for npping, ^y to 
smaller and thinner blades. Forlaige 10,000 ft. per min. Never cut stuff 
saws, the straight edge should be about that measures more than the dia- 
^ in. thick, 20 in. long, ^ in. wide meter of the saw. The manner in 
m centre, 1 in. at end ; the edge of which a circular saw is hammered has 
the straight side chamfered or rounded muchtodo withthespeedat whichitcan 
off. Bakvnee the saw on a mandrel, l)e run, and often when a saw becomes 
and apply the straight e^e ; mark limber and *'runs,” it is the &ult of 
the h^h plac^ with chalk ; have a the hammering inst^ of the speed, 
helper to hold the saw on the block, When slack on the peripheiy it will 
and hammer on the bum|», testing not stand speed, and becoi^es weaker 
frequently. (Qrimsbaw.) and bends more readily when in mo- 

When a saw is not round, the defect tion than when it is still; on the con- 
may be corrected by adopting the fol- traiy, if it is properly hammered, a 
lowing directions: Take a jnece of little tight, as it is termed, on the 
grindstone or a cobblestone and hold it periphery, it becomes more rigid when 
against the points of the teeth while m motion up to a certain limit. The 
the saw is revolving, and thus reduce theory of this is that the steel is elastic, 
or wear down the most prominent and is stretched by the centrifugal 
teeth; or a piece of red chalk may be strain in proportion to the speed, which 
held agunst the points, which will is greatest on the line of teeth, and 
mark them in ]nH}portion as they are diminishes to tlu centre. 11 saws 
long or short, when the long teeth are evince a tendency to spring and a wapt 
reduced by flling. Circular saws some- of rigidity, have them rehammered at 
times burst from what appear as un* once, before changing the speed in an 
known causes, Thera can be no doubt endeavour to remedy the defect, 
when a saw ^oes fly in pieces that a Band Sawra.—(8) The band-saw is 
thorough investi^tion would trace the never used for cross-cutting, except 
occurrence to one of the followiig when cutting scroll work, and may gene- 
causes : (l)"»juare comers at bottom ndly bo treated as a rip-saw. It 
of tooth; (2) Out of round, with the requires special r^larity in shape and 
backs higher than the points, so that set of teeth to prevent it from leaking 
instead of cutting they scrape the dust and from running into the work. In 
off With the ; (3) Undue strain order to set up a jointed band-saw, 
put upon the saw ^ the plate rubbing the two tongues are introduced simul- 
against the timber, causing it to heat, taneously into the two correspond- 
Wlucb takes the life out of a saw. In ing openings, and' the ends of the 
a secent report of the French Society saw are pr«^ t(gether laterally, in 
for Preventin g Accidents from Ma- Bw;h a manner as to cause the snugs 
chines, a recommendation is made tor on Uie tongues to engage with or 
the avoidance of the use of circular hook on to the beveU^ ,edges in 
saws in workshops where practicable, the openings, and the thin ends of 
The following are the reasons for this* the tongues then l^e in the inclined 
recommendation: (1) Circular saws recesses in the sides of the raw, Whftn . 
are dangerous to workmen; (2) they the parts are in this position, 4he two 
require mmre power ^ Iw-n othor raws; extremities of the raw cannot be s^ia- 
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rated either by a considerable strain in 
the direction of its length or by a 
diminution of the tension. To dis¬ 
connect the ends of the saw, separate 
the hooked and bevelled edges by ap¬ 
plying lateral pressure, and at the same 
time draw thp ends apart in opposite 
directions. The junction of the two ex- 
tremitios is effected by means of a hook 
or inthrlocking joint. A portion of the 
saw near each extremity is reduced in 
thickness in such a manner that, when 
the ends are laid together, the two 
combined do not exceed the thickness 
of the remaining part of the saw. Por¬ 
tions of the back and front of the ex¬ 
treme ends are also cut away, so as to 
leave narrow tongues at each extremity 
of the saw, and these tongues are pro¬ 
vided on opposite sides relatively to 
each other with snugs or hooks. In 
the thin portions at the extremities of 
the saw there are formed, at equal 
distances from the tongues, twolongi- 
tudinal slits or openings, presenting 
bevelled or inclinod surfaces at the 
edges nearest the ends of the saw, 
corresponding exactly to the snugs on 
the tongues. The opposite edge of 
eiwh opening is also bevelled or in¬ 
clined, but at a much more acute angle, 
so as to form a recess in the side of the 
saw for the reception of the extreme 
end of the corresponding tongue, which 
is suitably reduced in thickness towards 
the extremity, in order to enable it to 
be well within the said recess. 

Where gas is used for lighting pur¬ 
poses, it js often employed for brazing 
band-saws, and nearly in every case 
whore this is done the blade of the saw 
operated upon deteriorates, and break- 
a^ gradually increase. As these 
breakages do not occur exactly at the 
joint no blame is attached to the use 
of gas, and the cause of continual 
failures is rapely discovered. A gas 
flame not only scales steel deeply, but 
also destroys its nature by burning the 
carbon out, and this occurs especially 
at the edge of the flame. Band-saws 
bra^ ly gas almost invariably break 
rgain at a point some little distance 
from the previous fracture, at the 


point where the outer edge of the 
flame has damaged the metal. The 
only really sqtistactory way of repair¬ 
ing is ta make a thick, heavy pair of 
tongs bright red hot, and clamp the 
joint with them. The heat melts the 
spelter ^ instantly, and makes a good 
joint without scaling or damaging the 
steel. The process is to first file the 
ends of the saw on opposite sides so as 
to form two wedge-shaped ends for the 
length of two or three teeth. The sow 
hould then bo secured on a rest or 
holder in perfect line, with one end 
lapped over the other. Damp the ends 
to be joined, and place between the lap 
a small quantity of brass sjielter with 
» little powdered liorax ; heat a pair of 
tonga to a bright rod, scrape off all 
scale ^m the jaws, and close the 
tongs tightly on the ends to be joined. 
When the spelter is melted, slip off 
the red hot tongs, and slip on a pair 
of tongs that have lieen warmed. 
Close these tongs very tight on the 
joint, and remove when the spelter 
has properly set. Now hammer the 
joint lightly, and file to uniform 
thickness with the rest of the saw- 
blade. 

For a joint which has to stand 
constant heavy strains and bonding it 
18 bettor to use an alloy of equal partR 
of coin-silver and copper, meltedto- 
gether and rolled out thia. This alloy 
never burns, cannot be overheated 
and makes first-rate joint*, which will 
stand hammering and 'bending to 
almMt any extent. An excellent 
special solder, apparently with silver in 
ito composition, is that made ly J. and 
^•FWllipe, College Hill, London. It is 
called the “ Titan ’* saw-brazing tape, 
it being made s* a thin riband and sold 
m 1 oz. reels. This firm also has a 
good form of band-saw brazing tool 
outfit, as illustrated by Kgs. 41 and 
^ suited for brazing any 
description of band-saw. It is pro¬ 
vided with planed surfaces with set 
screws and springs for holding saw in 
place whilst being brazed and is held 
in any vice as shown. The method of 
using is as follows; The band-taw to 
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be brazed, after having its exiramities 
thinned down so that a lap joint can 
be formed, and care taken that the 
total thickness of lap i9 not greater 
than the blatle itself, is covered with 
a mixture of brass solder and borax, 
in a moist state. The tongs are then 
heated to a good h^t and closed upon 
it. It is necessary to slacken a thumb* 
screw to allow for expansion after the 
tongs are closed upon the joint. After 
cooling the joint, dress 
with a hammer, make it | 
of even thickness, and set I 
the teeth. 

The working action of ^|||||[[|&| 
a band-saw is, generally VBSSB& 
speaking, similar to the 
working action of a cir¬ 
cular saw — continuous. 

Owing chiedy to the thin¬ 
ness of the gauge, the 
small area of the blade 
which operates on the 
wood at one time, and the 
constant cooling action 
which is going on as the 
saw passes through the 
air, a comparatively small 
amount of heat is engen¬ 
dered ; the saw, therefore, 
can be run at a consider- 
able speed without detri^ 
ment; On machines in 


I affording any corresponding gain. In 
I sawing hard woods the sj»ed should 
I be r^uced. The band-saw may be 
! said to have a blade of superior thin- 
Niess, capable of tension*in varying 
: d<^e8, moving in right lines through 
j the material at a spe^,that is almost 
, unlimited and can exce^ that of cir- 
. cular saws, uperatiilg by machinery 
I consisting only of rotating partsllnd of 
' the most simple construction, the saw- 


, M.^ 

\ 


which tke saw-wheell are 
of small diameter, say 
below 36 inches, and where 
the arc of iontact of the saw on the 
wheels is necessarily more acute, the 
speed of the saw-blade should not 
much exceed 4600 feet per minute for 
all ordinary kinds of sawing. With 
saw-wheels above 36 inches dmmeter, 
this speed may safely be increased 
up to 6000 feet per minute; this 
is, however, on the supposition that 
the top wheel is of the lightMt con¬ 
struction, and is mounted elastically, 
i.e., has a spring or other adjiutment 
to allow for the expansion and con¬ 
traction of the saw-bbde. There is 
no advantage in runnii^^ band-saW 
beyond 6000 feet per minute, as the 
riu of breakage is jnereased without 
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dust all carried down through the 
limber and offering no obstruction in 
following lines and peculiar adaptation 
to curved lines. 

“The speed of sawing, or the cost 
of sawing, which is much the same 
thing as the movement of the teeth, is 
with the band-saw almost unlimitra. 
Its performance, contrasted with j^ 
saws for cutting plain sweeps orscroO- 
woric, shows a gain of time or cost of 
3 to 1, with the important advantage 
of beii^ easier to operate, and much 
more popular with workmen. The 
greatest objectitm %o a band-saw m 
that it caimot be used for^cutting 
inside work. Some workmen saw 
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clean through the stuff to get at the 
inside, when the nature of the work 
will a^it of such treatment without 
weakening or injuring the design. 
Strips of thd same kind of wood as the 
design are firmly glued into the saw- 
kerfs when the work is completed. 
Of couree, this method of reacliing 
inside cutting cw only be adopted 
where** the d^ign is not intended to 
bear any strain. Many devices have 
been suggested for separating and 
joining band-saws, but moat of them 
are unaveulable or impracticable. One, 
however, enables the operator to sepa¬ 
rate the saw, pass it through a hole 
bored in the wood, and join it again 
in less time than it takes to disconnect 
the blade of a jig-saw, pass it through 
the wood and connect it again to the 
machinery. This arrangement gives 
the band-saw an important advautago 
over the jig-saw in its own special pro¬ 
vince, as it renders it possible for much 
thicker material to be sawn than could 
be done with the jig-saw, and the 
work will be better done in less 
time,” (Powis Bale). 

(/) Tlmugh the saw is by far themc^t 
impcntaat ^ any of the carpenter's 
to(^, how often we see a carpenter 
almost work the very life out of him- 
sdf with a saw in shape, and yet 
not do even a fw day’s work. Agun, 
how often we see mechanics l^ve an 
inside job (where the lumber was dry) 
with their tools in good order, and go to 
framing coarse, wet, cross-grained lum¬ 
ber. Their saws would cut fine until 
they got !n a little way, and then, as 
they would not be ^t enough for tiiat 
kind of lumber, the saw would bind, 
and it would be almost impossible to 
continue to push it until the piece was 
out, simply because there did not hap¬ 
pen to be a set on the job. 

How easy tjjiese hard, unsatisfactory 
days could have been made by simply 
laying the saw down on some studding 
or joists on the trestle, as shown in 
Fig. 43, and set with a common nail- 
set, which would* practically not dull 
it at all. 

* A common nail-set makes the best 


saw-set I know of to meet the emer¬ 
gency just mentioned. Many claim that 
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a hammer set is the only perfect set, 
while r find for general use the latest 
hand sets much more convenient. 

Fig. 44 shows the set in a 
saw, which should always be ^ 
just as little as pc^sible and ■ 
have the saw run free. ■ 

Fig. 46 is a rip-saw, which I 
should be filed square acrc^ H 
forall ordinary work. The set V 
gives all the bevel the teeth Fio. 44. 
need, as rip-saw teeth should 
march one after the other just like 
little chisels, and cut clear across the 
tooth and not simply cut on the out- 
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side ec^e as a crdss-cut s^w, which acts 
more like knife blades on side of 
the saw. 

Fig. 46 shows the “ joining” of a saw 
which is generally done with a fiat file. 
A cut-off saw should be jointed round- 
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ii^, while a rip-saw ihould be jointed 
p^ectly straight, although many of 
^them are joint^ rounding, and some 
joint them hollowing. 

Fig. 49 Ulustrates a good v&j to file 
a cut-c^ saw tha^has got into v4iy bad 
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shape. After the teeth are all made 
even and the same pitch (or rake), then 
give it proper bevel. • 
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Fig. 48 showH a saw filed with about 
the right pitch and bevel for ordinary 
hard wood. 
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Fig. 49 shows the proper pitch, bevel 
and fleam, which is the l)evel on the 
back of the tooth, for ordinary soft 
wood.. It also shows the file, whi<di, 
as you will note, should point towards 
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the point of i^e saw. Not only is that 
mv opinion, tfct all the best authorities 
I have ever' read on the subject give it 
the same way. Still, I am firee to 
admit many good mechanics file just 
the other way. 

ftg. 50 gives the degree of pitch. 
Too^ and the dotted lines show that 
the rip-saw tooth should be on the 
square, cr at an angle of 90^ I us^ 
to file even just a little sharper than 
that. Tooth 2, which is 60°, is right 
ior a general cut-<^ saw. If you wish 
the saw to cut fast, though possibly 
not quite as smooth, file it 70° or more 
like tooth 3, while 4 shows a tooth 80° 
•W over, which is about right for a 
compass saw that ri^ as much as it 


cuts off, or any similar saw, such as a 
rip-saw for cross-grained luurdwood 
whore it luts to do some cutting across 
the grain, or a cut off saw for sawing 
dia^nal sheathing, or rafter cutting, 
which is as mucli ripping^ cutting off. 



Fig. .51 is looking right down on t.. 
the edge of the saw, and shows that 
the ri|)-saw should!« filed square across 
or at on angle of 90° with the saw,' 
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while a strictly cut-off saw at an angle 
of 45°, and for the different classes 
work the file should swing at differ¬ 
ent points between 90° and 45°. 

Fig. 52 shows how the file should 
be held level for rip*saws, and some 
even hold it level forml saws, and others 
drop the handle so the peint is raised. 
to about 80°. I seldom raise the 
point of my file more than 10°. 

Anyone who is willing to give the 
■time required to keep a saw in good 
order (and that time is time well 
spent) ought to be interested ^oug^ 
in his. saw to secure a good one, even 
P 
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if it does coat a little more. A cheap 
saw is a poor investment at any price, 
for the files and time it takes to keep 
it in order 'A'ould soon pay for the very 
best. 



While there liave been no radical 
chai^^ in saws in my time, yet there 
have been some improvements, the 
main improvement l^ing in the per¬ 
fecting of the steel, until to-day we 
have silver-steel, wldch stands at the 
head. The perfection lumdle, wliich 
u shown in 511 by the main lin^, 



is also an improvemmit, while the 
dotted lines show the old style. The 
perfection handle is hung, as you will 
notice, more on to the saw, and places 
your band nearer your work ; this 
makes the saw hang better,' and makes 
our day’s work easier. (Dwight L. 
toddard, in * American C^^nter and 
Builder.') 

{g) OoniidMtions ^verning* 
the ^Hape of Saw-teeth.—A con- 
uderation of the action of the saw in. 
cross'cutting timber settle tlie cutting 


edge, and the mode of sharpening. 
Taking our ordinary cross-cutting 
single-handed saw as the type, the for- 
wa^ thrust is intended to separate the 
fibres, and this not in the way of driving 
a wedge, but in the actual removal of a 
small piece by two pandlel cuts. For 
example, if O 0» 54, be a fibre, 

.! ■ I ^ 

Fig. U. 

then the action of the saw must be to 
cut clean out the piece a, b, so making 
a space a, b, wider than the steel of 
wluchtliesawismade. Thecleanerthe 
cuts adj h c are, the better. Now this 
clean cut is to lie made by the teeth 
advancii^ toward the fibre. If they 
come on in axe fashion, then the separa¬ 
tion is accomplished by the direct 
thrust of a sharp edge, in &ct, by a 
direct wedge-like action. Now a 
wedge-like action may be the best for 
separating fibre adhering to fibre, but 
it is an action quite out of place in the 
cross-cutting of a single fibre, in which 
cohesion has to be d^troyed. There 
is needed acutting action, i.6., a draw¬ 
ing of an edge, however sharp, across 
the mark fbr separation ; this drawing 
action is very important. Admit for 
the present that such action is essen¬ 
tial, .then the saw-tooth as constructed 
dues not supply it. Cle^ly the sharp 
edge must somehow or other be drawn 
and pressed as drawn across the fibre. 
Two ways of accomplishing this present 
themaelv^. The effect on the action 
of the workman is very different in 
these cases. In the we must 
press the saw upon the fibre, and at 
the same time thnut it len^hwise. 
Now in soft timber, and with a saw 
having teeth only moderately sharp, 
this pressure will tend rather to force 
the fibres into closer contact, to squeeae 
them amongst each other, to solidify 
the timber, and increase the difficulty 
in cutting. Two actions are here, 
pressure and thnut. In, the second 
case the presst^e mdst be very light 
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indeed ; if otherwi^, the point of the 
tooth will gather up more fibrea than 
the strength of the working can scfiar- 
ate; indeed, as a rule, in tho cross¬ 
cutting of broad timber, with all tho 
saw* teeth in action, pressure is not 
required, the arer^ weight of the 
saw-blade sufficing fur the picking up 
of the fibres. It is probably from the 
delicate and skilful handling which a 
tooth thus constructed requires that 
band-saws are not more generally con¬ 
structed with teeth of this form. In 
addition to these there is the pene¬ 
trating tooth, as the points of the pt^ 
tooth and others. TV^tever may be 
the form of the teeth, the small piece 
a 6, c d, Fig. 54, has to be removed 
so as to Imvo the ends from which it 
is taken as smooth and clean cut as 
possible, therefoi'e the cutting-edge 
must lie on the outside of tlie tooth. 
This being so, it follows that the act 
of severing a fibre will l>o attentlod 


conditions of the problems should be 
the form and set of a saw-tooth, 
would require more experimental 
knowleilge and patient research tlutn 
the subject seems to have received. 
There are more than 100 different 
fornts of teeth. Sheffield and London 
do nut ^ree upon the shape of the 
handle. The Eastern hemispherfand 
the Western do not whether 
sawing should be mr act of tension or 
one of thrust. 

The quantity of timber cut down 
in America must liave led to invesri^ 
tions with respect to saws such as ^e 
requirements of this ctuutry were not 
likely to call forth. Hence we have 
very much to learn from the Ameri¬ 
cans on this point. 

As it seems most judicious to in¬ 
vestigate tho principles by considering 
a large and heavy twl, pei'haps it may 
1)0 well to examine the largest handi¬ 
craft saw. This (Fig. 56) is a “one- 



with compression, whose effect is to 
shorten it. Thus condensed it is forced 
up into the space between the teeth. 
If now this spa^ is not so formetl as to 
allow the condensed piece to di-op freely 
away so soon as the tooth passes from 
the timber, then the saw will become 
choked, and its proper action will 
necessarily cease. In large saws this 
is provid^ for in the shape of the 
*‘guzns'’ in which the teeth may be 
said to be set. What in America are 
called “ gums ” are frequently in 
England called throats." Saws 
cannot work easily unl^ as much 
care is bestowed upon the “ throats " 
or ** gums " as is given to the teeth. 

Any exhaustive attempt to deal with 
the considerations which present them-1 
selves to one who entem upon the ques¬ 
tion, what under all athe varying ' 


man saw” 4 ft. long, by Pisston, 
Philadelphia. Long os the blade is, 
it is not too long. The travel is near, 
but still within tlie limit of a man's 
arm. To enter the wood, the teeth 
at the extreme end are These 

are strong, but of the form generally 
met witli in the largest of our own 
cross-cut saws. The acting teeth are 
of an M shape, with a gullet or sp^ 
l)etweea them. The angle at which 
, the teeth are sharpened is very acute; 
' tho consequence of this and pf thei* 
! form is that they cut snHX>thly as a 
i sharp knife would do; indeed, much 
' as a suigeon's lancet would. Some 
i teeth are formed on the principle of 
tlfe suigeon's lancet, rfhd these are 
called “fleam”* teeth. The sp%cee 
between the M's in the “ one-man 
saw” are “gums" for the reception 

F 2 
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and removal of the pieces cut out of 
the eepamted fibre. Ip the particular 
case before us, the M is | in. broad 
and f in’ deep; the upright le^ of 
the M are sharpened from within, the 
V of the M ^*8 sharpened on both sidee. 
The legs are to one side and 

the V to the other side. Thiis ar¬ 
ranged, the saw cuts equally in ten¬ 
sion and in thrust, and the debris is 
brought out freely at each end. The 
M tmth for tliis double-cutting re¬ 
sults from an observation on two 
carefully-toothed short cross-cut ele- 
menUry saws, where it will be noticed 
that the form of tootli to cut both 
ways, resultii^ from the combination, 
is M. The set of this large * ‘ one-man 
saw” is worthy of notice. An in¬ 
spection of the cutting points will 
show that each point is diverted from 
the plane of the saw blades not more 
than alx)Ut ^ in. When the object 
of * ‘ set ” is considered, it will be al¬ 
lowed that so little is sufficient. 

The annexed di^yams (fig. 56) of 
teeth of certun cross-cut saws used in 
America may illustrate the present 
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subject. A single tooth will in some 
instances be bbserved between the fA 
teeth: this is a clearance” tooth, 

. and is generally shorter than the cut¬ 
ting tooth. Sometimes it is' hooked, 


as may be seen m c; in such case it 
is shorter by ^ in. than the cuttii^ 
teeth, and^ acts the part of a plane 
iron % cutting out the pieces of fibre 
separated by the other or cutting 
teeth, which cutting teeth under these 
oircumstancesare lancet-like sharpened 
to very thin edges. 

That the set ” of the teeth should 
be uniform in the length of the saw 
follows from a moment's reflection 
upon the object of this set. If one 
tooth projects beyond the line of the 
otheni, that tooth will cl^ly scratch 
the wood, and therefore leave a rough¬ 
ness on the plank. As more than its 
share of work is then allotted to it, 
the keenness of edge soon leaves it, 
and thus increases the labour of the 
sawyer. The American contrivance 
for securing a uniformity in the set of 
the teeth is the ‘'side-file.” The 
three set screws determine the eleva¬ 
tion of the file above tlw face, and the 
travel of the short length of fine cut 
file reduces all excessive “sets” to a 
uniform “set” through the entire 
length of the saw, 

The “(nx)tch punch” is alro im 
Americim contrivance for obtaihing a 
clearance set out of a spreading of the 
thick steel id the saw by an m^niously 
fonned miguhu*,punch. 

It is occasionally required to saw 
certain cuts to the same depth, as, lor 
instance, in the making of tenons. 
The saw to which the j+orm “ tenon ” 
is applied is more suited for cabinet 
than for carpenters’ work. However, 
an ordinary saw may be provided with 
a gauge, which can be imjuBted so as 
to secure a unifemn depth In anv 
number of cuts, and in this respect it 
is even superim' to a tenon-saw, and 
may be suggestive to some whose 
labours might be facilitated the 
edition of such a contrivance. 

The rip-saw, considered as a cutting 
tool, may be likmied to a oompoona 
chuel, and the form of teeth which 
would operate with the least applica¬ 
tion of power would be the same as 
that of a mortising chisel; but knots 
and hud are conditions which 
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call for rigid teeth, rendering the chisel 
form impracticable, except for sawing 
clear lumber, and with aliigh d^ee 
of skill in filing and setting. The 
limit of endurance of such steel as 
must be employed for saws will not 
admit of points teeth; these will 
break in cutting through knots and 
hard wood, and no form of saw-teeth 
which permits their points to crumble 
and break should ^ adopted. In 
actual practice, with the skilled filer 
there is a tendency to create pointed 
saw-teeth, and when there is a want 
of skill in the filer the tendency is the 
other way, and teeth unnecessarily 
blunt are common. ‘‘ The action of 
a saw when ripping or cutting with 
the fibres of the w^ is entirely dif- 
fwent from that when cross-cutting 
pr severing the fibres of the wood i 
transversely; the shape of the teeth 
and the method of sharpening should 
therefore differ. In the case of a rip¬ 
saw the action of the saw is chiefly 
splitting, the teeth acting like a series 
of small wedges driven into and sepa¬ 
rating the longitudinal fibres of the 
wood ; whilst with cross-cutting saws, 
the fibre of the wood lias to be severed 
across the grain : it is comparatively 
unyielding, the teeth of th^saw meet 
with much more resistance, and it is 
found necessary to m^e the teeth 
more upright and more acute or lancet- 
shaped than for cutting with the 
main. The fk^ of the ^th should 
qe sharpened to a keen edge, and for 
hutl wood filed well liack, so that in 
work may have a direct cutting 
action, rimilar to a number of knives. 
Care should also be taken that the 
teeth are made of sufficient depth to 
afford a free clearance for the sawdust. 
This is an important point, too, with 
rip-saws. The teeth should also be 
equal in length; if not^ the longest 
teeth get the most work, and the 
cutting power of the saw is much 
lessen^. The length of the teeth 
should depend on the nature of the 
wood being sawn: for sawing sappy 
or fil[a\>us woods, long, itharp teeth 
are necessary, arranges wi^ ample 
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throat space for sawdust durance ; 
care must be taken, however, that the 
teeth are not too long, or they will be 
found to spring and buckle in work. 
In sawing resinous woods, such as 
pitch pine, the teeth of the saw should 
have a considerably coarser set and 
space than fur ham woods. lt«will 
also be found advisable—especially 
with circular saws—to lubricate the 
blades well, as the resinous matter is 
thus more easily got rid of. In sawing 
hard woods, either with reciprocating 
or circular saws, the feed should be 
not more than one-half as fast as for 
soft wood, the saw *8hould <jontain 
more teeth, which slmuld be made 
considerably shorter than those used 
for soft wood, roughly speaking, about 
I; it is impossible, however, to make 
a fixed rule, owing to the great variety 
of woodsand their different hardnesses; 
the length of teeth which n»y<be 
found to suit one wood well may in 
another case r^uire to be increased 
or decreased. In cuttii^ woods which 
are mucli given to hang and clog thei, 
saw-teeth, increment teeth may be 
used with advantage; these are ar¬ 
ranged with fine teeth at the point of^ 
the saw, which gradually get coarser 
till the heel of the saw is reached; 
thus the fine t^th commence the cut 
and the coarser ones finish it, obviating 
in a ^eat degree the splinterii^ and 
tearing of the wood caused by coarse 
teeth striking the wood at the com¬ 
mencement of the cut. As regards 
the angles of the teeth best adapted 
lor cutting soft or liard w6od8, no 
al»olute rule can be laid down. The 
following may be modified according 
to circumstances. If a line be drawn 
through the points of the teeth, the 
angle formed by '^^ tootik 

with this line should be: For cutting 
soft woods, about 66°-70®; for cutting 
hard wood, about 80°~86®. Themigie 
f(»ined by the face and top of me 
^th should be about ^6®-60^ for soft 
wood, and 65®-70° for hard. * The 
angle of the tooth found, best for 
cutting soft wuods is much moreMute 
than for hard. Terms used in describ- 
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ing the piirts of a Baw are :—“ Space ” : 
the distance from tooth to tooth 
nioasured at the points. “Pitch ” or 
“ rate ” : ihe angle of the face of the 
tooth up which the shaving ascends, 
and not thcii^terval lietwcou the teeth, 
as with the threatls of a screw. 
“Gpllot” or “throat”: the depth 
of the tooth from the point to the rewt. 
“Gauge”: the Ihickness of the siiw, 
generally mea8ure<l by the wire gauge. 
“Set”; the amount of incliiuition 
given U* the saw-tcctU in either tlirec- 
tion to olfeet a clcanincc of the sawdust. 
“Points”: small teeth are rc<;koncd 
by the numlx*r bf teeth jKUiits to the 
inch, ^hc chief facts to be lK)rne in 
mind in selecting a wiw with the teeth 
best suited to tlie work in hand are the 
nature and comlition of the wood to 
l)e opcnited on. No fixe<l rule can, 
however, l»e laid down, and the user 
mustbeguided by circumstances. All 
' saws should be ground thinner towards 
the back, as less set is thus uecessar}^ 
the friction on the bhide is reduced, 
the clearance for sawdust is im¬ 
proved. Care should also l)e taken 
that they are perfectly trueanduniform 
in toothing and temper. The angle 
of tho point of a tooth can lie found 
by subtracting its liack angle from 
its front, andtodothe bestand cleanest 
work this angle should be uniform in 
all tlie teeth of the saw. ” (M. f owis 
Bale). 

How to use ft Cross-cut Saw 
single-handed. — In Fig. 57 is 
shown a means of using a cross-cut 
saw single-lianded, to cut down a 
standing tree, or it may be used to: 
cut a horizontal trunk, if the trunk is 
two or three feet off the gi*ouud. It 
will be seen tliat the sawyer takes one 
end of the saw, while a downwanl 
pull is exerted by an claKtic pole 
Dscured as shown. This {k>]o would 
be about 1 inch tluck and cut from the 
nearest sapling or hedge. It will be 
found that tlie pole not only kcepi the, 
saw close to the work, but assists in 
hauling it as the sawyer pushes it from 
him. In felling a standing tree, the 
cut would only tc made haU through, 


then the pole would be shifted to the 
other side and a new cut started on 
tlic side opposite to the first one. By 
turning the illustration (Fig. 57) so 



that the saw is downwards, it will lie 
seen tliat, by using a second ]K>]e, 
turned over in tlic oppKisite direction 
and secured to the other end of the 
saw, the sawyer can cut upwards single- 
handed. 
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Sealing-Wax. 

* 

{See aUo Shellac.) 

The resin used for the best qualities 
of sealing-wax is shellac (bleached for 
light colours and best qualities, orange 
shellac for oniinary purposes) while 
ordinary resin (light or amber, or 
darker according to quality or colour) 
figures in recdpes for the cheaper seal- 
ing'wax^. 

Properties.—Sealing-wax should 
be glossy, smooth, not too brittle, un- 
afifected by the hottest weather, melt 
without emittii^ any smoke or nasty 
smell, have sulficlent tenacity not to 
drop about when melted, and should 
produce a seal of its own lustre and 
colour. The chief materials used in 
its comproition are shellac and turpen¬ 
tine. The former is sometimes re¬ 
placed wholly or partially by other 
resins, such as sandarac, benzoin, 
mastic, resin and pitch ; and the latter 
by lialsams of Peru and tolu, and ; 
fragrant essential oils. In addition, > 
there are some neutral substances em- ' 
ployed to augment the bulk, as ^p- 
sum, chalk, magnesium carbonate, 
einc white, etc., as well as the colour¬ 
ing matters. * 

Ingredients. —VDnly bleached 

shells is admissible for the finest eeal- 
ii^-wax, though pale samples may do 
for some Ikht-coloured grades; the 
ordinary u^leached shellac is fit only 
for black and brown kinds of sealing- 
wax. Ofthe turpentines used, Venetian 
is the best; but it may often be conve¬ 
niently replaced by a mizturo of resin 
and oil of turpentine, which possesses 
&n advantage in the facility with which 
its fiuidity can be increas^ or dimin¬ 
ished. The turpentine will usually 
need to be filtered, which is best 
effected by heating it in a water-bath 
at the boiling temperature, 212® F. 
(100® C.), and passing it through linen. 
Other resins, balsams, and essential 
oils are used only in minor quantities, | 
and should always be select^ of ^)od 
quality. 


Colouring Matter*. — The 

colouring matters employed should be 
good of their kind, though substances 
I of inferior tinctori^ powe^ (and there¬ 
fore cheaper) are of course resorted to 
for common kinds of wax. 

I The most general colour is red. For 
fine grades cinnabar .is neoessaiy ; but 
it so increases the weight of tlJis wax 
tliat neutral bodies have to be used 
with it to counteract this tendency. 
Cheaper reds are minium, colco- 
thar (Indian red), and bole. Madder 
lake is now replaced by coal-tar reds, 
of wliich the most fiery should be 
chosen. 

Yellows cmbraci lead chromate 
(chrome yellow), which is generally 
used with some neutral white body 
(as chalk); Cassel or mineral yellow, 
from fused litharge; and ochre, which 
is too dull and unpleasant-odoured to 
be available for any but cheap sorte of 
sealing-wax. 

Greens are best obtained 1;^ com¬ 
pounding suitable proportions of blues 
and yellows, as the fine green pigments 
in the market are too costly for the 
purpose. 

i Blues include Berlin for the darker 
' slides, and ultramarine and moqn- 
I tain blue for the lighter. 

I The best brown is burnt sienna, 
i though crushed sienna and Cassel' 
I brown are used. 

Blacks are exclusively represented 
i by carbon in avery fine state of division, 

' as lamp-black, ivory black, soot, etc. 
This last, whi^ is very much chea^ 
than the others, may be made eqmmy 
suitable by judicious treatment, which 
aims at destroying its brownish tint 
and unpleasant odour. The treat¬ 
ment consists in careful calcination, 
which may be conducted in a piece of 
, stove-piping, about 18 in. lo^, rad 
closed at each end by a tight-fitting 
cap, one being perforated with a Hole 
somewhat less than a pencil, to allow 
of the escape of vapours. The pipe is 
to within or 2 in. of the toa 
when the covers are attached, and ul 
joints and spaces carefully luted with 
clay, which may also conveniently 
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form a protective coating to th4 whole ( 
pipe. The latter, when charged, ie 
placed in an open furnace, with the 
perforated end upmost, and heated to 
rednesa. When the contents are ' 
thoroughly calcined the pipe is re¬ 
moved, allowed 24 hours to cool, and 
emptied. The soot will be found to 
have squired a velvety black colour, 
and to have lost all odour. Frankfort 
or “ vine ” black is prepared by char¬ 
ring vine shoots in siz^ar apparatus 
to that for c^cining soot, washing the 
ash sevOTal times with water to remove 
alkaline salts, and once with water 
containing 26 per cent, of hydrochloric 
acid, taking care tb use plenty of clean 
wat^ after the acidulated water. 

White pimento are used as much 
for making bulk as for imparting 
colour. Chalk is prepared by washing 
and drying the powW. Gypsum is 
used in form of finest plaster-of- 
Paris, and the crystalline variety 
(selenite), powdered and washed, for 
translucent waxes. Magnesium car¬ 
bonate Is useful for mixing with heavy 
pigments, to r^uce the weight, rather 
than as a colouring ingredient. Zinc 
white needs no preparation. Baryta 
or permanent white is valuable for 
enamel-like waxra, uid may easily be 
prepared by dissolving barium chloride 
in rain water, and precipitat^ with 
sulphuric acid; the precipitate is 
washed several tdmes with clean water 
and dried. Bake white is i^ily pro¬ 
duced as follows : Fuming nitric acid 
u poured over some bismuth in a glass 
vessel till the metal is all dissolved. 
The solution is poured into another 
veaeel containing about 100 times as 
much run-water, and stirred up. A 
white powder (nitrate of bismuth) is 
atonoe precipitated ; this is collect^, 
washed, and dried, and is employed 
for the beat enamel-like white s^ii^- 
wax. 

. Mioa in fine powder is used to give 
a metallic lustre to cheap kinds of 
wax; Ih'onze pow4er of all shades is 
unployed for the same purpose in 
better gvades. 

Mixing.—^It is euential thatall the 


ii^redients be dry, and to ensure tins 
they are kept in paper bags on a sUblf 
running roun<| the walls of the stove- 
room at about 18 in. below the ceiling. 
The order of addii^ the ingredients is 
as follows : The r^ns and turpentine 
are first melted together; tlmn the 
neutral bodies (cli^k, etc.), if any, 
are stirred in; next the pigments are 
added; and the volatile balsams and 
oils are only introduced at the last 
moment before “forming." When 
only one pigment is used, it is simply 
warmed and stirred into the mass. 
When a sliade is to be produced by a 
mixture of colours, no neutral bodies 
are added to the resins, but they are 
mixed with the colours in a china dish, 
warmed, and then a<lded to the melted 
; mass. Any required tint is obtained 
by mixing, and frequent testing. 

It is important that the colouring 
matters be mixed to a paste, with 
spirit or oil of turpentine, before add¬ 
ing to the other ingredients. If this 
is not done, the wax may not be of a 
regular tint. 

Melting.—The melting of the 
mass should be conduct^ at the 
lowest possible temperature, sufSoing 
only to keep it in a fluid state. Quan¬ 
tities of 20 lb. to 25 lb. are treated at 
a time in a« v&ssel large enoi^h to 
l)ermit quick stirring. Often the 
furnace used resembles'an ordinary 
cook stove, the fire heating cast-iron 
plates; but these are objectionable 
from the inequality of tne heating, 
and the risk of fire. Brannt describe 
an improved fmm of melter which 
serves also for the polishing. It con¬ 
sists of a small furnace about 3 ft. 
3 in. high, fed preferably with sm^ 
coke, having an upper and lower dozu* 
for r^ulating the draught, Imt no 
grate, the ashes being withdrawn at 
the lower door. The stove is com¬ 
pletely enveloped in a sheet-iron caaii^ 
at a distance of about 2 in., and at the 
same height above the floor. The air 
between the stove and the casing 
becomes hot, and as it passes away it 
is replaced by a cold current entering 
at the 2-m. opening between tiie qMuig 
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and the fioor. Beside the casing of 
the stove, and connected with it, stands 
a table, surrounded by «a sheet-iron 
screen,'and bearing a sheet-iron tub 
filled with sand and provided with iron 
supports. The tub is covered with a 
plate of sheet-iron (for catching stray 
drops of wax), having 4 or 6 holes, 
which contain the melting pots. The 
hot air arising from the stove heats 
the sand tub and its contents, till the 
sealing-wax in the pots b^;ins to melt. 
As soon as it melts the fire is slackened 
by closing the lower door, as the heat 
retained By the sand suffices for a long 
time to keep the mass in a fluid state. 
Enamelled cast-iron pots are b^t for 
melting in, keeping a separate pot for 
each mixture. Before using a pot for 
a new colour, it must be allowed to 
get quite cold, when the adhering wax 
CMi ro easily cleaned offi The shellac 
is first put into the pot and melted, 
while being continually stirred with a 
fiat paddle of hard wo^ ; the turpen¬ 
tine ii^ then intimately incorporated; 
next follow the neutral bodies and 
coloursina thin stream, with constant 
stirring, which is more necessary if 
the pigments are h^vy. When the 
mass seems uniform, ^ps of it are 
examined by letting them M on a 
cold, smooth, metallic platS, when the 
colour, hardne^is, and fracture can be 
tested. When satisfactory the heat 
is adjusted to maintain a fluid condi¬ 
tion, aromatig substances are quickly 
stirred in, and **forming" is com¬ 
menced. 

Forminp;.—Soling-wax is mould¬ 
ed into s^ks in special “forms," 
consisting of one dboe for rectangular 
or triangular sticks, but must ^ of 
two for oval or round. Forms in one 
piece are, made of rectangular brass 
pUte, carrying grooves ^ in. wider 
at top than at l»ttom, for facilitating 
removal of the sticks. It Is a common 
practice to put forms on a stove, or 
cool them off while moulding by plaong 
them on metallic trays with cold water 
benuith, to cool the stioka i^dfy; 
this releases the forms more quickly, 
but makes the sticks jidttle, it Is 


better to let them cool gradually on a 
wooden table, while if the form be¬ 
comes so wumi as to much protract 
the setting of the wax, it may be dipped 
in cold water and carefully dried before 
using f^aiu. Engrave^ forms are 
difficult to turn out, but this may be 
partly remedied by slightly rubbi^ the 
engraved parts with oil of turpei^e. 
Surface onmmeutation, as gilding or 
silvering, is effected ly placing the sub- 
' stance m the form. As brass forms 
are expensive, they are sometimes 
replaced ly home-made ones of tvpe- 
metal. To produce them, a stick of 
fine wax is coated with a thin film of 
olive oil, and a cast of it is taken in 
plaster-of-Paris; when this is thor¬ 
oughly dry it is put into a small 
w(^en box, and melted type-metal is 
poured round to make a form. Thee 
foitning of the wax is conducted as 
follows. The molten wax is ladled 
from the pot into a casting-spoon, pre¬ 
viously heated. By this it is poured 
in a uniform stream into the forms. 
These should be sligbtiy wanned before 
tbe first mouldii^ takes place. 

Foliahing.—Polishing, dressing, 
or enamelling is usually applied to <dl 
grades, thoti^h the finer qu^t^ have 
a lustrous surface on coming out of the 
form. When the improved furnace 
before mentioned is not in use, a 
^racial polishing stove is necessa^. 
This consists of an iron ^b covering 
a vault, heated ty a fire breath. Thd 
sticks are taken in the l^d and BeH 
in the heat of the polishing stove till 
the surface b^jns to melt and the- 
sticks bend. When thus softened 
they receive an imprint of the maker’s 
name or some other device, composed 
of letters held in a little brass hand- 
frame. The sticks are patted between 
small wooden boards at the same time, 
to retain Ibeir ^pe. For gilding, 
j silvering, or bronzing, the part to be 
I ornamented is touoh^ with a brudi 
: dipped in strong spirits of ^ine, and , 
*t^ ^Id or silver leu dr bronze powder 
is applied, and adheres tenaciously* 

S^cellaneouB Beceipts. —Ibit* 

I following recipes for the compounding 
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of sealing-waxes will be found to em- j the melted mass. This congeeds very 
brace all that are of general utility. I quickly on the cold glass, and conse- 

Blaek. —(1) 6 parts shellac, 9 tur- I tjuently at otice becomes brittle, and 
pentine, 6|* pine resin, 4 chalk, j frequentlybreaks when gently touched, 
soot. I On trying to make the wax leas Imttle 

(2) 8 parts,shellac, 6 turpentine, 6 . by increasing the turpentine, it oftens 

resin, 1 ^ chalk, 1 gypsum, 8} vine- liappens that it remains sticky even in 
blacky cold weather. To avoid these evils, 

(3) 48 parts shellac, 52 turpentine, add a certain quantity of shellac, 10 to 

46 pine resin, 28 chalk, 8 soot, 8 bone- 15 percent., to the composition. This 
black, 8 asplialtum. will increase the cost of the article 

(4) 2 oz. Venice turpentine, 4| oz. somewliat, but its quality will be so 
shellac, | oz. colophony, 11 oz. best ’ much improved tliat it will nut become 
kmp black. Melt together the first | sticky even in a hot climate. 

three ingredients, then mix the black j (1) Kesin, 6 oz.; shellac, 2 oz.; Venice 
to a paste with c41 of turpentine, and ! turpentine, 2 oz.; melt and add lamp- 
add to the other ingredients. I hlat^k, 9 oz. Pour into moulds. (2) 

(5) lb. yellow resin, 2\ oz. button ' Common resin, pitch, and ivory-black, 

lac, 2| oz. Venice tur|)eutine, ^ oz. equal jiarts. (3) Another: common 
Imnp-black or ivory-black. Melt the resin, 20 ll>.; tallow, 5 lb.; lamp-black, 
4ac, add the resin, then the turpentine 4 lb. ; mix with heat. (4) lied : 
(slowly and carefully). Make a paste common resin, 20 lb. ; tallow, 5 lb. ; 
of the black with turpentine and add red lead, 6 lb.; mixed with heat. (5) 
this last. I 4 oz. shellac, 1 oz. Venice turpen- 

(6) As medium fine red (5) using ! tine, and 3 oz. vermilion. Melt the 

lampblack instead of vermilion. Rub ' lac in a copper pan, sus])eiided over a 
the colour well in. clear ( harcoal fire, then pour the tur- 

Blue. —f'l) 7 parts shellac, 6 turpen- pentine slowly into it, and soon after- 
tine, 8} pine resin, 1 magnesia, 2 clialk, wards atld the vermilion, stirring 
2 to 2^ blue colouring matter. (2) the mixture briskly all the time witii 
night-blue sealing-wax is produced by a rod in either liand. 
mixing Berlin-blue with oxide of zinc Bronze. —Ibweed as for gold, but 

or nitrate of bismuth, and has a instead of ^ oz. of gold bronze powder, 
beautiful enamel-like appearance. As use 2 oz. of tlfis and oz. emerald 
blue colours are very sensitive, bleached green. 

shellac should always be U8e<l, and care j Brown. —7 parts shellac, 6 turpen- 

must be exercised in tibe choice of the | tine, 4 pine resin, 2 gypsFtm, 2 clulk, 
imn, that which is opaque and brown- 2 umber. The shelkc for preparing 
ooloured being reject^. (3) Substitute chocolate-brown sealing-wax must not 
fine^Pru^ian-blue for the vermilion botoodtu'k. The product of the above 
(same quantity), in medium fine recipe is dark-brown, and unbleached 
red (5). shellac and dark resin may be used for 

The most ordinary sorts of preparing it. 
sealing-wax are used for bottles, and of Hex’d .—Large seals for deeds and 

course can only be coloured with the public documents are not imprinted in 
cheapest kin^ of tinctori^ matter, ordinary sealing-wax, but a mass which 
Many makers prepare bottle-wax of a is half soft, even at normal tempera- 
mixtore of common pine-resin, turpen- tures, is used for the purpose, smd 
tine, cha^, and the respective colour- to protect the seal from injury it is 
ing rUatter only. ^ Such are very cheap,, enclt^ed in a specif case fastened to 
but they do not answer the purpose so the document by cords or ribbons, 
well m they should. T?he corks are (1)6 partslight-colouredreain,S^tur- 

cove^ with a layer of s«i]ing-wax by pentine, 3 defied tallow, 4 wmting, 
dipping the necks of the bottles into 3 to 4 minium. 5 parts wlnte was, 
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H turpentine, 1 cinnabar,} glycerine, 
llic ingredients are melted together 
and stirred while coolin^off until they 
congeal. (3) 3 parts colophony, 
tallow, 3 turpentine,'4 chalk, 4 minium. 
This mixture is of Arm conKisteu<^ at 
ordinary temperatures, but if a piece 
of it is held in the hand for some time 
it becomes so soft that impressions can 
be taken with it, and it adheres also 
with some tenacity to pa|X5r, wood, 
and glass. 

G(M. —8 oz. amber resin, t> oz. 
Venice turpentine, 12 oz. orange 
shellac, 1 oz. light magnesia, 3} oz. 
gold bronze powclor. 

Green. —(1) 7 jwirts shellac, 8 tur¬ 
pentine, 4 pine resin, m^^iesia, 2} 
Berlin-blue, 2J chrome yellow. (2) 
5 part’s shellac, 4 turpentine, 8 pine 
resin, 1^ gj'psum, 2 chalk, 3 mountain 
blue, iuid 3 ochre. Greeu ultramariuc 
may lie U8e<l to advantage for the finer 
quiUities, instead of a mixture of 
colours. (3) Proceed as for medium 
fine red (4) but use 4 oz. of emerald 
green instep of the 3 oz. of vermilion. 
U) 1 lb. yellow resin, oz. butttm 
lac, oz. Venice turjientinc, ^ oz. 
King a yellow, J oz. prussian-blue, IJ 
dr. carlxmate magnesia moistened with 
oil of turpentine. , 

Letter, vdt/iout a Uf/ht .—3 parts 
colophony, 3*reBin, ^ suet, 4 Venice 
turpentine, 4 pulverised carbonate of 
lime, 4 pulverised minium. Melt the 
three first fligre<lients together, then 
add the others in succession, stirrii^ 
constantly till cold. (‘ Mouiteur Ques- 
neville.’) 

Parcd.~-(X) H parts shellac, 6| 
resin, 5 turpentine, | oil of turpentine, 
2^ chalk, 1 ^psum, 2^ cinnabar. 

(2) 2 parts shell^, 8 r^n, 5 tur- 
penrine, ^ oil of turpentine, 3 chalk, 
5} gypsum, 6 minium. 

(3) parts shellac, 8| resin, 6 tur¬ 
pentine, I oil of turpentine, 2 chalk, 

1 brickdust, 5 colcothar. 

(4) 20 parts colophony, 10 pine resin,. 
5 turpentiue, 7^ chalk, ^ oil of tur¬ 
pentine. 

(5) For brown, 10 parts umber or 
bole are added lo (4^. 


Ifed .—^The besputy and price of red 
sealing-wax are determined by the 
quantities of shellac and dnnabttf con¬ 
tained in it; only the finbst qualities 
have cinualmr exclusively as a colour¬ 
ing principle. Tlie inferior kinds 
contain very little shellac but much 
common resin, and fio cinuabar^t all, 
minium, colcothar, bole, or other cheap 
{ngmeuts being substituted. But too 
much resin must not be added, or the 
wax will become too thin, drep too 
easily, and smoke very much when 
ligh^l. It is asserted that chalk 
should not l)e used, Ix^cause tlie acids 
of the shellac exjiel Carbonic acid from 
it, and form a comliiiiation with the 
lime ; but this happens only when the 
shellac is heated m.>re than necessary, 
as no carbonic acid is set free if the 
shellac is only hcat(x1 to the melting- 
point. 

Very fine reds are—(1) 12 parts 
shellac, 8 turjientiue, 9 cinnabar, 2 oil 
of turpentine, 3 magnesia. 

(2) 11 parts shellac, 6 turpentine, 
1 oil of turpentine, 1 clialk, 2 magnesia, 
8 cinnabar. 

(3) 10 parts shellac, 1 turpentine, 
I oil of turi^entino, 1| chalk, gyp¬ 
sum, ^ magnbsia, 6^ cinnaliar. * 

(4) 50 parts shellac, 12J Venice tur¬ 
pentine, 37| Chinese vermilion. 

(5) ^ lb. very pale shellac melted 
cautiously over a clear fire in a polished 
copper pan. Wlien melted add cau¬ 
tiously 2 oz. Venice turiieutine and 
mix. Lastly add 6 oz. vermilioif. 

Medium foie reds. —(1) 1 part shel¬ 
lac, 8 turpentine, | oil of turpentine, 
3 chalk, 1 magnesia, 6 cinnal»r. 

(2) 6 parts shellac, 4 resin, | oil of 
turpentine, 7 tur^ntine, 1| ch^k, 
gypsum, 4^ ciniu^r. 

(3) 4 parts shellac, 6 resin, 6 tur¬ 
pentine, oil of turpentine, 2 chalk, 
1 gypsum, 4 cinnabar. 

(4) 8 oz. amber resin, 6 oz. Venice 
turpentine, 12 oz. orange shellac, 3oz. 
vermilion, 1 oz. carbomte magnesia, 
80 gr. benzoic acid.* Melt the resin, 
add turpentine carefully, then the 
shellac, using gentle heat until liquid. 
Mix the powdera and add to the liquid, 
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stirring well. As soon as well mixed 
pour into moulds. | 

■ (6) SMlac, 8 m. ; Venice turpen* 
tine, 4 02 .; Mormilion, 2^oz.; {dcohol, 

2 02 .; camphor gum, | oz. IHssoIve the 
.camphor in the.alcohol, then the shel* 
lac, adding the turpenrine, and fimdly ' 
the yennilioQ, being very careful that 1 
no bla2e shall come in contact with its 
fumes; fm* if it does, it will fire very 
quickly. 

Fine red.—55 parts shellac, 74 tur¬ 
pentine, 30 chalk or magnesia, 20 gyp¬ 
sum or zinc white, 13 cmDal)ar. 

Ordiimry red.-^l) 52 shellac, 60 
turpentine, 44 pinn resin, 18 chalk, 18 
cinnabar. (2) 50 resin, 371^ red-lead, 
12} turpentine. 

Ydiow ,—Only lead colours can be 
used for yellow seding-wax, and of 
these chrome-yellow produces the most 
beautiful colour. But if sealing-wax 
compounded with chrome yellow is 
very strongly heated in lighting it, the 
mass becomes discolour^, in conse¬ 
quence of a decomposition of the lead 
colours. Therefore yeUow sealing-wax 
must be furible to avoid this 
evil. Every kind of sealing-wax be¬ 
comes more fusible by adding a lar^r 
quantity of turpentine,* but it ^(so 
becomes softer. Fine yellow ; 76 parts 
shellac, 85 turpentine, 45 pine r^in, 
15 ^peum, 15 chalk, 45 ochre. The 
sbeUac used for fine qualities of yellow 
sealing-wax must be bleached, or it 
will 1 m impossible to |nx>du^ a pure 
tone' of colour, All gradations of 
yellow, from orange to r^ can be pro¬ 
duced by adding cinnabar or chrome- 
red fh quaUties, and minium to 
inferiOT qu^ties of sealing-wax.— 

Brana‘>.^) 

TrandwmU —Translucent sealing- 
wax belo^ to the very best qualities, 
as only highly refined materials can be 
used for it. Bleached shellac alone is 
not sufficient; sealing-wax only be¬ 
comes translucent 1^ adding a corres- 
poEuiiog quantity of mastic, and by 
using v^ fine, ‘ligbt-colourod, and 
very pscid turpentine.* Following 
are thpee. recipes for preparing trans¬ 
lucent seiling-wax^ which may be 


coloured by mixli^ suitable pigments 
with it. A beautiful variety (“ aven- 
turin”), whidi can be prepared at 
comparatively low cc«t, is obtained by 
stirring finely powdered mica into the 
melted ground mass. Gold and silver 
waxes are obtained by mixing finely 
powdered leaf-met^ with the melted 
ground mass. Ground masses for 
translucent wax are:—(1) 1} parts 
bleached shellac, 1} viscid turpentine, 
3 mastic, 1 clialk. 

(2) 3 parts bleached shellac, 4 viscid 
turpentine, 5 mastic, 3 sulphate of 
baryta (or 3 nitrate of bismuth). 

(3) 3 parts bleached shellac, 4 viscid 
turpentine, 5 mastic, 3 sulphate of 
baryta (or 3 nitrate of bismuth). No. 
(3) is especially adapted for preparing 
“enamelled" sealing-wax, which actu¬ 
ally possesses the b^f transparent ap¬ 
pearance of enamel, and is particularly 
beautiful when a tender rose-colour is 
given to it by using fiery madder-lake. 

Sealing-wax with B^t(;I;.->Sticks of 
Bealing•^^x can be bad with a wick up 
the centre. The wick is made up of 
8 to 12 cotton threads, saturated with 
wax or stearin, the threads being held 
stretched while the wax is cooling on 
them. The threads are held taut in 
the mould yhile the molten sealing- 
wax is poured around them. 
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Sewage Disposal from 
Isolated Houses. 

This is probably one of the most im¬ 
portant subjects a sanitcuiau has to 
consider when dealing with a house in 
a countiy district, for whether the 
building be laige or small all sewage 
matter must be dxspc^ed of in a pro{>er 
and efficient manner. It is an under¬ 
taking which by itself uswdly requires 
all a man's skill if the work is to be 
done effectually; and when it is com¬ 
plicated by the water supply being 
drawn from adjacent wells or lakes, 
much ingenuity and experience are 
re(juired. 

Cesspool Sjrstem.— With cess¬ 
pools the conditions have to be de¬ 
cidedly favourable as to fall or nature 
of ground, or distance from water sup¬ 
ply, otherwise there is risk of dangerous 
features. If all cesspools were made 
watertight the risks would be mini¬ 
mised, but this arrangement, although 
sometimes carried out, involves great 
expense in attention (emptying, etc.), 
as all fluids as well as soUds are re¬ 
tained. It also leads to an economy 
of water being practised, which is not 
always good, for in the*few houses 
which l^ve watertight cesspools it 
becomes quifle natural to avoid dis- 
chargingfluids into the drainagesystem 
to the utm^t possible extent, remem¬ 
bering that eveiy gallon used has to 
l>e pumped out. The writer’s jpractice 
in the past when arranging t^ cess¬ 
pools of country residences was to liave 
a series of three pits at as low a position 
as possible, these being simply lengths 
of 80*in. drain {nping flx^ on end. 
The firat one was cemented at bottom, 
thisbeingthecatchpitfor solid matters, 
the other two had open bottoms for 
the fluids to soak away. This was of 
course, dependent on the subsoil being 
porous, and the drinking water supply 
being at a considerable (Stance. Com* 
munication between the three was 
made by a 6-in. pipe near the top. 
This arran^ment,#however, though 


cleaner and of a more sanitary nature 
than brick'built ceas[x>olB and .soak- 
aways, has no effect in purifying the, 
sewi^, and the object of. these pages 
is to describe the known means 
of rendering sewage hfu*mleffi. 

Sewage, from a chemist’s standpoint, 
is almost wholly wat^, the true solids 
being little more than say thre^ parts 
in a thousand, and of these three parts 
no more than half is oigfmic mattm*, 
the remainder inor^nic. It is the 
organic matter whicn has to be dc^t 
with, as tliis decomposes and putrefies, 
and is liable to bring into existence 
gases and oiganisms tlwt are dat^rous 
to life. Sewage literally svrarms with 
bacteria, but they are not dangerous 
if properly disposed of, excepting, of 
course, microb^ of infectious dishes 
which are brought down with the 
excreta of infected persons. The 
ordinary sewage bacteria rapdly con¬ 
vert the organic material into chemical 
compouncU of a less objectionable 
nature, |uwided there is a sufficiency 
of oxygen, and some purifying pro¬ 
cesses rely for their efficacy on thik 
Sewage Farsuxig.->Two very 
good and rather simple means of dis¬ 
posing of sew^^e &om large reridenqea 
are by Sewage Farming, or by Int^- 
mittent Filtration, llie former is 
effected by irrigation, the ground being 
laid out in slopes more or less steep 
acconling to its al^ity to al»orb mois¬ 
ture, in much the same way as lands 
are irr^ted with water; and crops 
are grown on the land so treated. 
Little opposition can be raised to this 
mode of treating the sewage, astsuch 
works, properly managed, are inoffen¬ 
sive, whether house be near to«r 
far from the ground so treated. Crops 
raised on such ground are as safe and 
good to eat as those grown in the 
ordinaiy way, and flesh or milk from 
animals rai^ on this food is as pure 
and satis&otory as any. 

The land most suited for sewiige 
farming is that having a somewlukt 
light, open .soil which is porous and 
does not resUt the passage of liquids 
into and through it. The crops grown 
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would be, of course, tb<we that benefit , to the beneficent action of the 

the most by a large fsliare of moisture. | air and nitrifying agents before the 
dt is best not to attempt it with heavy , material pass® deep into the ground. 
Boil, although it is possible with this This system and sewage irrigation 
by employit^ a much larger area of are the only processes by which the 
land for a given quantity of sewage, organic matter can bo removed from 
and laying it out more flatly, that the sewage and transformed without the 
sewage may not pass over it too rapidly, mdof chemicals. Even irrigated areas, 
Witht^d that is fairly suitable for unless the land is good, may require 
tile purpose one acre is considered a filter bed to assist in very bad winter 
sufficient for the sewage from a bouse weather. The system now under 
or houses containing a total of sixty disciMsion is foirly simple aud does 
to eighty or even a hundred pei^ns; not need skilled laliour. The beds 
this is not the maximum that this consist of suitable sized saiKl, placed 
areaof^h is capable of dealing with, above the level of the subsoil water, 
but it is as muclj as most crops can ' in beds about 4 to 6 ft. tliick. The 
stand. A greater quantity of sew^ | drmnage system delivers the sewage 
would be fatal to them, causing their ■ on to the l>ed or lieds at several points, 
destruction. This method of disposing ; while under the bed th«^ requires to 
of sewage from country residences is i be a simple system of suljsoil pipes to 
decidedly hygienic in its cliaracter. , carry away the clear liquid that comes 
The ground so treated would, of course, j through. 

be at a lower level than the house, to : An intermittent action is necessary, 
admit of the sewage flowing di^t' as the success of the system is in giving 
there gravitation, and it is then • the be<lB a rest that the purifying 
directed into channels which, provided | action can be completed with one layer 
with sluice gates, make it a fairly or film of sewage ^fore another is 
simple task to ti^t the ground in superimposed. It is therefore mranged 
sections in regular rotation. Distri* I that there be two or more beds, and 
bated over the land in this way tiiere | while one section is receiving sewage 
is^very op^rtunity for nature to do the other is shut off to deal with what 
the purifying work, of which it is so it has received and recover itself. It 
capable, in a thorough manner, and it is of some ifliportwce that the grains 
is genei^ly conceded that the sewage, of sand be of a &.irly regular size, aud, 
applied sparingly in this way, is ren* unlike a filter, there is a disadvantage 
dered innocuous. Added to these in making tiie bed of sand or material 
facts it must be remem1)ered that of different sizes. It should not be 
water for irri^tion pur^ses is almost fine at top and large at rottom, nor 
unattainable in some districts during the reverse. The sand should be sharp 
the summer-time, when it is needed ; and not fine ; what is generally known 
in fact every drop of water is valuable as coaree sand is the best. If the 
in some localities, and the use of sewage \ sand is too fine the action is slow and 
forwat^ugand fertilising is a distinct it gets clogged, while particles which 
g^ ; it may be more widely prac- are too lar^ allow the sewage to pass 
tued than it is. more rapidly than it can be properly 

Intermittent Filtration. — act^ on. 

Intermittent filtration differs from The success of the process depends 
irrigation, although it is the applica- on air existing in the intes^tices be- 
lion of sew^ to land for the purpose tween the grains of sand, for without 
of efibctingitspurificatioDanddispWl. air the micro-oiganisms which do the 
It also differs from what many may purffying work cannot exist. When 
Suppose filtration to mean, for it is sewage is admitted on to the sand air 
not m^ly etnunifig the solids from is imprisoned below it as well as exist- 
t'vi flui^,; but is a means of exposing ing on top, and |Mimded more material 
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iiK not added t<M) kood the required 
actiou will occur successfully, and the 
material will drain thrqugh the bed 
and pass away. The process, explain¬ 
ing it anotlier way, is the intimate 
contact of the sewage in small volume 
with air that is for the time inter¬ 
mingled with it, and, given suDicient 
time, the nitrifying work of the bacteria 
effects the desired cliange efficiently. 
As one volume of sewage is dispos^ 
of it goes down ; new air then occupies 
the interstices in readiness fur new 
work. The beds will do good work 
for some time, but if there appears to 
be any clogging, then, if the sand is 
of regular size, it will be found quite 
su()erficial, and the upper surface need 
only be raked over. If desirable a 
thin layer of the sand, with the coating 
of sludge, can be scraped right off, 
and this may be repeated from time 
to time until the thickness of the bed 
isreduced, say 12 in., after which some 
new sand must be ^ded to make it 
up to its former thickness. It is very 
desirable, of course, that tho sewage 
be brought to the beds in a way that 
will not disturb the surfaces moi« | 
than possible, and it should Ije distri* 
buted as evenly as can be done. The ! 
area required for the filter beds is not i 
nearly so large as for sewage farming, ' 
as one acre is considered by most i 
authorities t9 be sufficient for one 
thousand persons, but no cropping can 
be done wi^ beds which receive such 
a proportion of sewage as this. i 

The Septic Tank System,. —(a) This | 
important method of treating sewage 
relies for efficacy on the growth of a 
micro-organism which, it is claimed, 
not only breaks up and liquefies solids, 
but also acts with destructive effect on 
disease germs. Of course, any system 
of sewage purification which dieses 
of sludge is worth conrideration, owii^ 
to the reduction in attendance and 
worldng expenses. Sludge, although 
having mauurial value, h^ to be col¬ 
lected and removed the sewage 
plant; and the best means, that of 
presNug into solki cakes, is scarcely 
pcwsible with the ^j^augements of a 


private residence, however large, and 
the septic tank principle is relied on 
to obviate this trouble, as no sludge 
is said to be made. 

Mr. Scott Moiicrieff made investiga¬ 
tions as to the purifying action of 
micro-organisms upon ^wage, on a 
practical scale, in 1891, with the con¬ 
clusion that the principle was '^ound 
re&able, and it was also discovered 
that the organisms were capable of 
cultivation, for the tanks were found 
I to improve and become more active in 
their work after a time. This latt^ 
fact wjw proved by rechwging the 
tanks with new material, when their 
efficacy became reduced, but by put¬ 
ting lttu:k the old material then* brat 
work was immediately experienced 
agaiit. Thus it will be seen that in¬ 
stead of constant attention in renovat¬ 
ing the purifying materials or agents, 
a certain length of time shows a grow¬ 
ing improvement in their working 
ca{)abiUties. 

A peculiar feature is that the lique¬ 
fying organisms act best in the absence 
of ]%ht and asr, and with no more 
than a slu^^h movement in the tank 
—in fact, light and air are fatal to 
them. Particulars kindly furnished 
by the surveyor to the patentees 
describe the process as follows : “ The 
method adopted k to ])ass the sewage 
into closed tanks spedally fitted to 
liasten the natural decompraition of 
the animal and vegetable solids. This 
work is performed by the micro- 
oz^isms or bacteria with which 
sew^ always teems, as they feed or 
act on the organu; matter ana conv^ 

I it into inoffensive compounds, which 
are dissolved wd carried off by the 
flow as fast as th^ are formed. This, 
however, is not the only service per¬ 
formed by the bacteria in the tanks, 
for it is now recognised that the dU- 
appearance of the pathogenic organisms 
I or ‘ disease genos ’ from sewage is due 
[ to these same bacteria, which attack 
I and speedily destroyathem. The work 
^ of tne tank is thus twofold, consisting 
I first in the liquefaction of th^ sewage 
' solids, and, secondly, in the destruo- 
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tion of the germs of disease. No 
chemicals or other ingredients of any 
kind whatever are adtled to the sewage, 
and no sludge is produced. The 
eilluent from the tanks passes out in 
a continuous stream, and is tinted 

filtration.' 

“The filtera under this ^tem are 
aimiVM* to those adopted by Mr. Dibdin, 
Chemist to the London County 
Coundi, being constructed of coke 
breeze or crushed fumaqe clinker. 
The method of working also is that 
recommended Mr. Dibdin, the 
filters being first filled and allowed to 
remain full for a short time, then 
emptied and allowed to stand empty 
for a few hours in order to drain and 
aerate the filtering material. In this 
way the filtexti are kept well supplied 
with the oxygen necessary for purify¬ 
ing the effluent poured on to them. 
The filtering area is, of course, divided 
into several parte, each of which in 
turn re(%ives the effluent in order that 
the process may go on continuously. 

“In Mr. Ct^eron's 8;^tem the 
filling and emptying of the filters is 
effected automatically. In an ordinary 
installation where fourfiltera are used, 
one filter will be filled at a time; as 
smn as it is full the automatic appa¬ 
ratus will divert the flow of effluent 
to a second filter, the discharge valve 
of which it will at the same time shut 
down. It will also open the discharge 
valve of a third filter whu:h has been 
previously filled, and shut the v^ve 
by whu^ that filter was supplied with 
effluent. Thus there is always one 
filtw resting full, another ffllmg, a 
third duclu^ng,{uada fourth aerating. 
A fifth, or spare filter, is provide 
which can be set at work in place of 
i^y of the other four. The apparatus 
is simple and reliable, one set having 
effected over 1500 discharges. No 
labour or attendance is necessary be¬ 
yond an occasional inspection, though 
at intervals ai a month or more it may 
..be desirable to j^e over the surface 
of the filters. 

“ Tlie works laid down at Exeter in 
the euminer of 1090 were to deal with 


the flow nf one of the outtell sewers. 
They were set to work in August of 
tliat year, since when the average flow 
of sew^ has been somewliat over 
50,000 gal. i)er day. Th^ works 
liave demonstrated the capability of 
the system for dealing with sewage 
under all the changing conditions 
which arc met with in pracUce. This 
system can be easily adopted for com¬ 
paratively small requirements.” 

The illustration, Fig. 58, is from 
a drawing furnished by the surveyor 
to tlie patentees, this representing an 
installation suited for a country man¬ 
sion. The explanation of the lettering 
on plan is ns follows : Z, inlet to septic 
tank; Y, sump for grit; X, outlet to 
septic tank; T, ^verter; S„ Sj, 
ch^nel pipe distributor over filter; 
H,, R 2 , collecting pipes at bottom of 
filter; Q, sh^t; P, rocker ; Oj, Oj, 
‘wells for discliarging valves; Kj, Ns, 
dischargii^; valv^; M|, Ms, overflows 
from wells to actuating buckets; L|, 
Ls, actuating buckets; K, well for 
actuatii^ buckets ; H, cast-iron pUte 
with seats for valves N. (Davis and 
Dye’s ‘Plumbing and Sanitation.') 

(a) The septic treatment of sewage 
may be coitsidored a biological rather 
than a chemical process, as its success 
is dependent upon presenting condi¬ 
tions which favour the rapid growth 
of certtun bacteria. In the complete 
reduction of the septic 

method, Ininging it to a harmless 
state, in the form <d mtrates which 
plant life can take up, two forms of 
oaoterla are employed—anserobic and 
anoUc. Air and light retard the 
multiplication of the first of these. 
The second requires oxygen and 
multiplies rapidly in the open air. 
The tank or receive* fODp^, » a sort 
of catch basin, made in form to favour 
the requirements for the propagation 
of the anscFobic bacteria, which i^uce 
the sewage to simple compounds. The 
tank, it appears, should hdd the out¬ 
put d about one day's use of the fix¬ 
tures dischso^g into it. Light uk 3 
air should be exclu(^. Wumth to 
a degree is- esi^tial, such heat as is 
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common to a jnt in the earth cIowmI > 
at tlio top, with no unnecesswy ex* ! 
poeure, toother with the heat of waete 
water, and that generated by the a(;t{on i 
taking place in the sewage itself l)eing . 
sufficient to , favour the process in 
winter weather of (juite severe climates. , 
51° F. lias been »tate<l to lie the mini* ' 
tuuiQ*'teni|)erature (lermissible in this 
tank, for little or no septic sictioii 
take place at lower temiier.itures. The < 
waste water of K^ths and Lavatories j 
are not tunie<l into the septic tiuik j 
alone for the heat they bring, but ■ 
to secure dilution of the excrement ! 
and matter from pother souices, which 
not infreiiuontly carry too little water 
to favour the Ixjst interests of the pro¬ 
cess. Both the inlet and the outlet 
of the tank should ho arninged to be 
below the surface of the contents when 
the tank is full, so that the scum which | 
generally forms on tlie surface will nut ' 
be disturbed by entry or exit of matter. ! 
This scum, resembling wet ashes, hel})s | 
to rot^ the heat and excludes light . 
and air from the mass—all favouring ' 
the accomplishment of the purpose, j 
The scum may be from a few inches ' 
to fifteen or twenty in thickness, 
according to conditions and nature of 
the plant, 

The contents leaving this initial 
receptacle having, in it, l»een brought 
down from its complex nature to one 
of umple chemical compounds, princi¬ 
pally nitrites, the'completion of the 
reduction process and tlie change from 
nitrites to nitrates is brought about 
by exposure of the matter to light and 
air, giving the {crobic micro-organisms 
a chance to get in their work. This 
would be accomplished simply dis¬ 
charging directly into a stream, but a 
more rapid action is obtmned by inter¬ 
posing an open sliallow bed of broken 
stone or'slag for the liquid to first flow 
through, so ^ to breax up and bring 
into contact with the air as large an 
amount •£ sur&ce as possible tofore 
|»piDg to streaih or otherwise. In 
^is yff,j a more complete reduction is 
certain before the matter reaches any 
final Roufo^ of disposal. 


The bictcrui necessary to the process 
are always present in abundiince in 
fresh sewage,' and no preliminaries are 
necessary to opemtioii as described. 
The resulting product is described os 
a birmless, colourless, and odourless 
li<[uid. In this process, mlmissioii of 
air to tlio ttnik or lack of sufficient 
lieiit or dilution may result in a 
putres(u?nt state of tlic imitter, as is 
found in a common cosspcKtl. As pre¬ 
viously iiidii^ited, the septic process 
is not yet widely used, except for town 
sewage, where it is rapidly K»iiniug in 
favour. Here elaborate methods are 
a(lopte<l to favour the icrobic or oxidis¬ 
ing end (»£ the operation, mostly 
through filters of special das4?u,*all 
aiming to secure absolute stability and 
birmlcssuess of tlic final discharge 
from the sew<^;e dis^Hisal plitit. Better 
ac<|uaintance will doubtless develop 
mucli ilita bearing on tiic latitude of 
comlitions under which it will success¬ 
fully o|)crate. From 8 to 17 daysare 
necessary to set up septic action ac¬ 
cording to season and conditions. 

(/>) In the following three illustra¬ 
tions, Figs. 59,60, and 61, are some 
details of a septic tank plant installed 
at an American fort. Fig. 59 gives 
a plan of the complete plant, which, * 
as will be Seen, consists in the dis¬ 
posal of sewciga from a toilet house 
containing three anti-i&cezing water 
closets. 

The lack of heat in house, as 
well as other conditions, makes the 
use of this type of water closet a 
necessity in the present instance, and 
it also necessitates the location of the 
water closet tank outside of the bowl, 
and at a considerable distance below 
it. Under ordinaiy cireumstanccs 
this course would be inadvisable. 
However, it is with the disposal of 
the sew{^e that we shall speak princi¬ 
pally, as this appem'B to us the m<»t 
interesting part of the plant. 

Fig. 60 gives an elevation of the 
toilet house, and Fig. 61 a similar 
view of the tanks into which the 
sewf^e is d^ivered. 

The tanks an case comprise two 
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sepaiute coiapartmeut/8. lu large ; action of natural filtration. It will 
work very often tliree an^ even moro ' l)e ^-cen, then, ttiat the laq^ the 
compartments are made uee of. . numW of cumpartmeuts* or tanks 

The chief purpo^ of the tank into i timough which the sewe^e passes, the 
which the sewage is first delivered is ! more perfect will Ix) the action of this 
to allow the liquids to settle, thus apparatus, for tlie water will be 
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rial iH of sufficient amount. Of course 
if solid matter to any extent is allowed 
to piiAS off\into the filtering material 
the latter soon l)ecomes clo^;ed with 
foul matter, in which coudition it is 
incapable of performing its work, and 
the entire plant becomes a ^thy 
nuisance. 

We have stated that the first tank 
is used us a settling tank. As a matter 
of f^t, in each tank another action 
also takes place, u{)on which thesuccess 
of such sewage tanks is almost entirely 
dependent. After the tanks have 
been in operation a short time, it will 
be found on renibvol of the cover that 
a thick, heavy coating has formed on 
the surface, this mass being made up 
very largely of animal and vegetable 
matter. These two classes of matter 
are very susceptible to the action of 
minute animal life which exist in all 
tanks of this nature, and which multi¬ 
ply at a very rapid rate. 

These microscopic animals attach 
themselves to the sides of the tanks, 
and to the under side of the surface 
coatii^ of vegetable and animal matter. 
They attack the matter with whicli 
they are in contact, and rapidly disin* 
£^tate it. The ptul^icularly valuable 
feature of this action is that vt^table 
and animal matter of every description 
is transformed by these minute animak 
into liquids, '^eir action is so com¬ 
plete that leather, bones, etc., enter¬ 
ing a septic tank of this nature ore 
r^dily disintegrated, tlie action, how¬ 
ever, being of somewhat longer dura¬ 
tion than in the case of so^r sub¬ 
stances. 

It will be cWly seen, then, that in 
Older that the action of these animate, 
and their heeding, may not be dis¬ 
turbed to any greater extent than 
possible, it is advisable to use every 
precaution ^inst breaking up or dis¬ 
turbing the crust that forms at the 
surface. 

. This is the principal reason for run¬ 
ning the overflows shown in Fig. 61 to 
a coifeiderable dtehmee below tlie sur¬ 
face of .the contents of the tanks into 
which sewage, is delivered. 


In the case of the overflow between 
the two tanks, we believe it would be 
full as well 'to have the delivery end 
below the surface. We should advise 
the entrance of the soil pqx) from the 
toilet house in the same way, tliat is, 
by taking the pipe down below the 
surface. 

Another feature that is of value is 
the pitching of the bottom .of each 
compartment towards one end, so tliat 
all matter which is not liquefied and 
carried off, may find its way to the 
low point, from which point it may be 
cleaned out more rea^y, or drained 
off. The running of the vent pipe as 
shown in Fig. 61 is a good feature, os 
also the pl^ir^ of cleanout caps on 
the overflows, for use In the event of 
stoppage. It is said that this }>laut, 
which is in operation at Fort Hancock, 
N. J., is giving entire satisfaction. We 
see no reason why this should not be 
true, as the plant is in general well 
drained, and we know that when 
installed in a proper manner the septic 
tank is an invaluable aid in the dis¬ 
posal of sewage at points where there 
is no system of public sewers. (‘ Plum¬ 
bers’ Trade Journal.’) 

Septic Timk Prhicvple. —(6) We are. 
indebted ^ the Boyal Society of Arts 
for the following illustrations of a 
typical septic 'ta^ in^llation which 
were giveu in a lecture by Dr. Satnuel 
Rideai 

The natural process cfnsists in 

(1) Liquefaction of the insoluble 
matter, and modification of the dis¬ 
solved matter, in a closed space, there¬ 
fore mainly by anaerobic bc^teria. 

(2) Oxidation afterwards by the help 
of aerobic bacteria during {)as8age 
through a porous medium like land. 

The processes should be jiroperly 
and systematically conducted in 
nature sequence. Any mixing or 
confusing in the order, any ortmcial 
interference, or attempt to woA dis¬ 
tinct reactions simultaneously in the 
same receptacle, will lead to uncer¬ 
tainty end irregularity in the results. 

In 1896 Mr. Cameron, City Sur¬ 
veyor of Exetef%introduced liis “ sep- 
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tic tank ” prcHiess for the treatment of 
'A jMirtiou of the Rewage of the city, 
coinprising atnmt 2,000 iiersoiiR, on the 
uomi^iiied syHtem, yielding about 
50,000 gallons of sewt^je. After pass¬ 
ing through a grit chaml>er whei'O 
gravel brought down by the nvins was 
detained, the liquid containing all the 
organic solid matter emeixe*! into a 
closed tank, through which it slowly 
[iassed. The details are well known 
aiul are indicate<l in the illustrations. 
(Fig. 02.) The present tank hiis a 


what we Iiave seen of tanks jwirtially 
filled witli stones or coke. In the 
latter the dimensions must cither be 
larger in proportion, or ihe sewage 
must pass at a greater rate, the bac¬ 
teria also are not so freely <3iRtributed 
through the liijuid. Frbm the insjiec- 
I lion cl)aml)cr it is seep tluit a leathery 
' scum from 2 to 6 inches thick, n«eord- 
[ ing to fihe position, cfillecta on the 
surface and renders the wholeanairobic. 
Below this is a zone of fermentation, 

! in which the sewa'^o ia mainly clear. 



Area of aach filter, m eq. yds.; aad depth 6 ft = volume 22,SOO gal. 

Efflueot i«;roduced at Starts; i»*G of above volume .♦. 0*4 of original volumes coke. 
KIQuent Intr<Hliiced «i ordloury working from 8000*9000 guls per filter. 

A, B,C, li nre colU-cting wells, receiving filtered water from the four filt<*r» in usi- 
By means of the alteriuitiug gear, each filter In otation is filled, discliawd, and Her.*ted 
autoiuuiicttUy. 


capacity of 53,800 gallons, therefore 
holds approximately a day’s supply, 
hcnce^ ttfc time of remaining in tlie 
tank is about twenty-four hours. In 
this way the sew’age becomes mixed ■ 
and averaged, and the bacteria have a 
chance of working during the possii^ 
through the 65 feet length of flow, 
wdiich the sew'age traverses at the rate, 
of a little more tliau 2 feet per hour. 
No obstruction is present, and the 
entire space is available, differiiiff from 


but bubbles of gas keep the liquid in a 
state of quiet admixture. At the 
bottom of the tank there is a layer of 
the dark peaty matter, previously re- 
ferred to, which is so small in amount 
Uiat during a period of a year's work¬ 
ing, it does not require to be removed. 
The organic matter in it is gradually 
broken up by the bacteria, the mor« 
ganic matter is raised by the gases and 
gradually carried oflT in the flow* so that 
its Quantity does not sensibly increase. 
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IMagrant uf Overflow hpes. 
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Fig. 64.~Crcle for 4 Filters, Nos. 1, 2,3 and 4, lUsclmrglng into 4 Cbllectine Wells. 

A, n, 0 and I). 

At Htartlng, let filter No. 4 be already full and resting, and No. l filling,—Period I 
When No.J fills, It overflows Into tipper C, dlsoliargliig No. 4, pntiiiig down oatlet 
valve of Nt). 3, and admitting effluent lo No. 8.—Imrodoeing 1‘erio i II. 

When Nt». 3 fills, it overflows inio tipper B, dlsch.ir^rig No. 1. pulling down outlet 
valve of No. 2, and admitting efllueiit to No. 2.—Introducing Period 111 
When No. 2 fills, it overflows Into tipper I). discharging No. 3, putting'down outlet 
vah-c of No 4, aud admitting effluent to No. 4.—Introducing Period 1 V^ 

When No. 4 fills It overflows into tipper A, dischaigiQR No 2. putting down outlet 
valve of No. I, and admitting effluent to No. 1.—And so ou. 



. . Fio. » -Section sliowlug Arrangemeni of Filtering Material at Belle Isle. 
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The flew through tlie tank Ih con* 
tinuoua,thci*cforerc<iuire8 no attention 
for Sundaya or night. ,The inlet and 
outlet are auhmcrged ao aa to uiiniiniae 
the disturbance of the contents. At 
the far end of the tank a transverse 
iron pipe, aliout a foot below the level 
of the liquid, with a slot on the under 
suiiacQ extending its length, forma an 
«xit for the effluent, whicli [maaes over 
a V-gauge, aiid then falls in a tliin 
ttrea^n over an aerating weir, to rcatorc 
aerobic conditions. It then fl<»w8 
through diatributiug channela on 


gather together at different levels as 
coatings on the Altering material. In 
the later sections the nitrifying o^n* 
isms are almost alone, and are there¬ 
fore able to exert tlreir full activity. 
Til this way Mr. Mouciieff has secured^ 
a much liigher nitrification than has 
lioen attained by tlie other processes. 

Tliis he lias accomplished by i^iread- 
ing the “tank effluent” by tipping 
trouglis or distributors over the upper¬ 
most of a serias of “nitrifying trays.” 
(See I'ig. 66.) Tlie plant in use at Ash- 
stead for a domestic sewi^e consists of 



to Alters of coke breeze or clinker | nine perforated trays containing coke, 
(Fig. 65), four of which arc used at a supported vertioallyoveroneanotherat 
tiuie, and one kept in reserve. An ! about three' inches apart. Each tray 
automatic gear devised by Mr. Cameron lias an effective area of one square foot 
regulates the cycles of liUmg, resting and contains seven inches of coke, 
full, emptying, and aeration, so that broken to one inch diameter. It re- 
here again no attention is required, quiresonlyfoomeighttotenminutesfor 
(Fig. 64). the liquid to pass through all the trays 

By using a series of smaller, separ- (1^. 66). After the apparatus had 
ate areas, and passing the effluent con- been running continuoumy for three 
tinuously and progressively tlurough months I collected on two occasions 
them, with ample opportunity for the* samples from the different trays and 
access of the air where it is required, examined them separately. Uhe 
the organisms gradually clioose their of flow was approximately measured as 
own conditions, allied groups follows 
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Flow OI«.rv,.d '» Oullon- i , ’’’'*'1 fo™”!;™' of nitrite is much 

per4Sr^ n/r' . '•’“.““■■'to'';/ n'l’idly reaches 8 
^ , jjfr 24 hfmre. : uiaximum ai!«l thou dechnes, 

1 I'f • ~ ammonia iias been 

1 litre in 1 gg^ | almost completely oiddised; at the 
,i.>imn.^ j ’ 1 saiue time it waa noticed tliat tlie 

l,140c.c. m l|^25:1,400 i yellowish colour, black sui*- 

12 min. } ’ pended matter, and sewage oilour liad 

I .. 1,071, .TOO !‘‘‘‘Sfl’flf’'* , 

- ■ 1 lie lolJuwmg figures give the oxygen 


l,071,f)00 
















90 


•Sewaoe Dispom—S heeeac. 


by nitrous acid, ammonia, nor by 
nitrogen gas. (jayon and otliers liave 
observed the production of nitrous 
oxide, wliich, being soluble, is not 
evolved, and has no doubt b^n over¬ 
looked by n^ny olwervers. Therefore, 
to be on the safe side, 1 have allowed 
four atoms of “us^ul oxygen” to 
cv^y two molecules of nitric acid, 
according to the equation :— 

2 HNO 3 = H^O + NjO + 40. 

Deducting from this the “oxygen 
consumed ’’ figure, as representing the 
organic matters which are f^ly e^y 
of destruction*, I call the surplus 
‘ ‘avaikble oxygen, ” ready to be drawn 
on to complete the purification. In 
the alK)ve case the quantity is obviously 
far greater than would l)e supplied by 
any process of mere aeration, hence, 
as 1 liave previously stated, “such 
an efllueut could be easily ‘ finished ’ 
by a fine filter without fouling the 
latter, or could lie beneficially applied 
to a small area of laud, or mixed with 
•a river of moderate volume not only 
without |iollutiou, but possibly with 
an actual benefit to the stream.” 


_ Shellac. 

{See also French Polish, Varnish, 
Jafans, etc.) 

Shellac, as wo know it, has its origin 
in a gum, r^in or lac, product by a 
small insect (the Coeem lacca), which 
punctures tlie bark of several kinds of 
trees (chiefly in India), and after ab¬ 
sorbing the fluids found there secretes 
a gum in which is dejiosited its 
This gum forms a nmgh-shaped ring 
or Ijand around the twig, and, in its 
crude state, is called “stick lac.” 
While the finished product, shellac, 
is obtained from this, a second and 
moderatelj^ valuable substance is pro¬ 
cured at the same time, this being a 
colouring material known as lac dye, 
being separated in tlie production of 
shellac. The stick lac is seldom seen, 
as the stick or twig is separated by 
the native gatherers by beating with 
a mallet. Tlie pulverised lac thus 
obtained is the seed lac. The mate¬ 
rial is then put in large tubs or 
troughs of water and worked by the 
feet until the colouring matter is out. 
The washed kc is then put in a coarse 
canvas bag, suspended (or held) at 
each end bver a fire, which causes the 
lac to melt. Jt is oatmht in a trough, 
from whence it is lamed on to a re¬ 
volving metal roller, usually brass, 
tliis causing it to fony,, in sheets or 
shells, the shellac as we know it. Its 
colour may be anything from lemon 
colour to a deep r^. Button lac and 
garnet lac are' both of the same^ 
material as shellac, but made of the 
less pure {»rts melted up au4 cooled 
by tlirowing on water, Garnet lac, 
which is ve^ dark, is useful for japan¬ 
ning. 

It may be considered tljat shellac is 
not soluble in oils. The solvents fqr 
shellac will not themselves dissolve in 
oil, and such recognised solvei^ts as 
ether, carbon bisulphide and beneene, 
thoughsolublein oils, only very allghtiy 
dissolve shellac. Shellac is soluble in 
alkalies, potasb^ ammonia, etc. bat 
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'these ^in will not make a true 9olu> and purpcmes where a clear easy work' 
tion with oil, although an 'emulsion is iug varnish is retjuircd, but although 
possible. The proper solvent for waterproof it Is not suitwl for ex|)oeure 
shellac for the majority ot comqiercial to weather. It imvy, however, be 
purposes (French polish, spirit varnish, used as a boot varuisli. It can be 
etc.) is alcohol in the form of denatured coloured with any dye soluble in water ; 
or methylated spirit. if black is used tins varnish makes a 

In the process of bleaching shellac good iiulelible stencilling ink. The 
it is boiled in a solution of carbonate small proportion of glycerine a^rds 
potash (pearlash) until dissolved, elasticity. It is a rapid drying varnish, 
then chlorine is passed through the 
solution. This bleaches the shellac 
and at the same time causes it to l)C 
precipitated as an insoluble substance. 

The shellac is then washed, boiled in 
water again until pigsty, then worked 
with the hands, pulling it, until it lias 
a satiny appca7'ance. A certain amount 
of bleaching mn l>e effected by siinjdy 
boiling the shellac in the carb(7natc of 
potash solution, in wliich case it must ' 
lie weak and only boiled to the pasty 
state. The subseijuent hand workii^ 

(pulling, doubling and pulling again) 
is done the same, (^’e Blkachinu). 

Shellac, when stored, should be pro¬ 
tected from atmospheric influences. 

Tills is of importance, for it can quite 
lose its nature by cxiiosure. Wlien 
the lac is prepared it should be broken 
up, spread on a plate or paper, and set 
in a moderately warm place to dry. 

As soon as tlry immerse it in the spirit, 
which may !« in a jam-jar or bottle, 
and place this in another vessel con¬ 
taining water, thus heating it in a 
water bath, just as glue is melted. 

Place a cloth ofer the jar, then subject 
the water to heat over a low fire or 
gas ring until the spirit is at blood 
heat. The lac should then dissolve; 
if it does not then it ^ould be con¬ 
sidered useless for good work. 

It may not be generally known that 
shellac may be dissolv^ in Iwiling 
water, and a v^ter varnish, useful for 
many purposes, be made in this way: 

A gallon of boding water should have 
^ lb. of shellac put in it to dissolve, 
and to this is added \ lb. borax and 
i 055. of glycerine. Mix until a proper 
solutionisobtained, thonstnunt^i^U 
muslin. This varnish is most suitable 
forb wket work, pboto^phic plates, 
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Shot. 

lEaterlals.—Shot, though some¬ 
times made, of iead alone, is almost 
always formed of an alloy of arseuic 
anjl lead, the arsenic being introduced 
in the form of arsenious acid or the 
sulphide (orpiment). The object of 
the addition of tlic arsenic is to slightly 
harden the lead, and render it capable 
of cooling to a globular form. Owing 
to tlic rapid decomposition of the arse¬ 
nic, it is treated by itself in the bottom 
of the melting-kettle shown in Fig. 
69. A cover is placed over the sub¬ 
stance, and its 
stem, which rises 
up through the 
kettle, is fastened 
down. The lead 
is then added 
above the cover 
and, when melted, 
the cover is lifted 
out of the liquid 
mass, which in¬ 
stantly becomes permeated by the 
■ arsenic beneath. The alloy thus pro¬ 
duced contains 45 lb. of arsenic to the 
ton of lead, and is known as‘* temper. ” 
Tliis again is added in the proportion 
of 1 per cent, to the pure le^, and 
thus the shot alloy, containing a very 
small percent^eof arsenic^is produced. 
The making of quantities of the tem¬ 
per at a time is a great coD^^nience, as 
the proportion of arsenic in the shot is 
thus kept uniform, wliile the melting 
can 1)6 done in the ordinary kettle in 
the summit of the ^ot-tower. The 
temper-pots hold about a ton of metal 
each, and the cooled product has a 
brownish gloss distinguishing it in a 
marked manner from the dull hue of 
the pure lead. 

Method of Manufactizre.—The 
manufacture of shot was formerly uni- 
v^raally conducted in tall brick towers 
with iron frames, though modern in- 
veations have obviated the necessity for 
a long' drop to cool the shot. In the 
top c^tuber is a melting-pot, whence 
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I the molten lead is dii>ped by workmen 
i wearing iliick glovesand wielding iron 
ladles. The metal is poured into co¬ 
landers, which are simply perforated 
copper i>an8, restii^ in iron rings fas¬ 
tened over the well of the tower. In 
the liuttum of tlie colander is placed a 
layer of the dross which rises to the 
! surface of the lead during melting. 

{ This in a measure chocks the too rapid 
' cscajie of the melted metal, and is 
I thought to bivc the effect of increasing 
I the rotundity of the shot, possibly by 
I expediting its cooling as it passes 
I through. The holes m the colanders 
1 mry from ^ to inch, but the shot 
I are of larger diameter than the orifices. 

I In falling to the base of tlw tower, the 
; {turticles of semi-fluid lead, acted upon 
I alike over their whole surface by a 
current of mr, are made to assume the 
globular form, and by the time they 
ruacli the bottom they are sufficiently 
liardened by cooling to bear the shock 
of striking the surface of the water in 
the well Itelow. The size of the shot 
is only approximabdy fixed by the sizes 
of the holes in the colanders. The 
mass is always larger than the hole 
from which it exudes, and as the period 
of dropping is not exactly uniform, 
}>erliaps half-a-dozen sizes are produced 
from ttte same sieve. Again, large- 
sized shot require to be dropped from 
a greater height tl^n smaU-sized, and 
wliile in some cases 100 feet is suffi¬ 
cient, in others an elevation of 150 
feet is hardly enough. Buckshot, as 
will be explained further on, are not 
made by the dropping process at all, 
owing to their size. 

Various devices have been proposed 
for shot-making, having for their object 
the abolition of the tower. One pro¬ 
cess consist^ in pouring lead upon a 
revolving table on which is placed a 
cylinder of i>erforated sheet brass. 
The table is revolved with a velocity qi 
1,000 feet per minute on the periphery, 
and the lead is thrown through the' 
perforations on the side, fonoing round 
shot, which strike against a linen screen 
placed to intercept them. A method 
has ‘^so htaem^ patented for drop{^ 
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Hhot tliruugh short distanceri, but sub¬ 
jecting them meanwhile to a powerful 
air-curront which cools them. 

After the shot have reached the bot¬ 
tom of tlxe well they are at once lifted 
out by an elevator and thrown ujwn 
an inclined tlrying table, t>ver which 
they slide, falling ultimately into a 
wire-gauze rotating cylinder. Here 
they are rolled and ground together, 
and in this way the minute burrs uj>on 
ihem are removed. From the cylinder 
another elevator lifts the sliot upon a 
screening-table, which consists of a 
series of pianos arranged at gradually 
decreasing heiglits. Between each two 
is an interval. The shot, being started 
at the end of the highest plane, will, 
if perfect, roll fnxm one plane to 
another, jumping over the interme¬ 
diate H|)ace8 ; if imperfect, however 
the Latter become pitfalls, into which 
sooner or later, it tumbles, and is 
carried off into a receptacle, tlie con¬ 
tents of which go Ijack to the melting- 
kettle. The g(K)d shot, after pujsiug 
this ordeal, reach the sejKirators. There 
are usually several tables, each devoted 
to a different size of sliot and its ap¬ 
proximating sizes. Tills is for con¬ 
venience in future sepirating. The 
shot are next elevated to the top cylin¬ 
der of a series, arranged on incline. 
Two of these cylinders are represented 
in Fig. 70. They ore conical in form, 
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inclined,.and covered with perforated 
wieot brass. Each cylinder serves os 
a sieve for a partitmlar size of slmt, 
retaining that and allowing all smaller 
anses to escape. Tl^ shot, as the 


cylinder revolves, traverses its entire 
length, ai'd then the small ones rmi 
out into the next cylinder IkjIow, and 
thus the sifting goes on until each 
cylinder has picked out the particular 
class of shot t<» which it,is adapted. 

The sizes of shot are Htandaj*d. The 
smallest is known as “du8t,”^and 
then comes No. 12, which is O’OC inch 
in diameter, 2,326 shot going to the 
oz. The sizes then increase by hun¬ 
dredths of an inch up to f;-',, of which 
there are 24 shot to the oz. 

The shot l)eing now assorted, jxilish- 
iug alone remains to be done. Tliis is 
accomplished by placi’ig the shot to¬ 
gether \vith graphite (pluTnl>ago) in a^ 
box, which is rapidly rotated. This* 
imparts the glossy black smoothness 
demanded by spoi'tsmcn. The shot 
are then weighed, Ixigged, and arc 
ready for commerce. 

Buckshot, which range in size from 
22 to 38 hundrcdtlis of an inch, are 
mouhled. Tlie moulds represented 
in Fig. 71 consist of a series of pivoted 
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bars, the outer {lair of which have 
handles. The upper edges of these 
beirs are hollowed to form the moulds, 
BO that when they are cl(«ed tc^ther 
the opposite halves of each cavity unite, 
and it is only necessary to pour the 
lead into tlie apertures. Tlie shot are 
thus at once moulded to the ^per 
size, so that tumbling and jxolishing 
only are subs&juently required. 
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Silvering. 

{See aUo Eleotro Plating 
amd Mihrokf). 

IPurifying Silver.—The silver 
fouiH in the trade, even under the 
name of virKin silver, retains traces of 
cop|)er. Silver is purified by several 
methods :—(a) The impure metal is 
dissolvetl by nitric acid, and the solu* 
tion being largely diluted with water, 
add to it an excess of a filtered solu* 
tion of common salt. An abundant 
white precipitate of silver chloride is 
produced, which rapidly settles to the 
txittom of the vessel. All the silver 
salt is. decomposed when the clear 
liquid is not rendered turbid by a 
further aildition of salt. The silver 
chloride is collected, and washetl 
several times, until the liquors arc no 
longer colour^ brown by yellow prus- 
siate of potash. Ttiis is the proof tliat 
all the copper has been washed out. 
The washed silver chloride is mixed 
with two or three times its own 
weight <jf soda carbonate, dried, and 
melted in a crucible. After cooling 
the metal is found in a conical button 
at the bottom of the crucible. To 
granulate it, the molten silver is poured 
mm a hei^^ of about 3 feet into a 
large volume of water. 

(6) The alloy of copper and silver is 
dissolved in nitric acid, and the solu¬ 
tion is evapomted until the salts 
fuse. After cooling the fused mass 
is gradually thrown into a red-hot cru¬ 
cible, when the nitric acid escapes, 
leaving behind the silver in the metal¬ 
lic state, and the copper as oxide. 
The separation of the two takes place 
naturally, and is aided by the addition 
of dry borax, which dissolves the 
copper oxide. Silver is easily dissolved 
in pure nitric acid, but not so rapidly 
in one contaminated chlorine or 
hydrochloric acid, which produce a 
epat of silver cUoride around the 
metal, *ahd therefore forms an 
de to ItS; elution. Sulphuric acid 
also oombihes with silw, and the re¬ 


sulting salt is but slightly soluble. 
Pure silver is employed for the pe- 
paration of the nitrate and other silver 
salts, and for soluble anode in silver 
baths. 

Silver Nitrate.—(«) Add silver 
to nitric acid, previously diluted with 
twice its weight of water, in a flask, 
and apply a gentle heat until tlie metal 
is dissolved, the clear liquor is then 
separated from any black powder which 
may be present, evaporated and ciys* 
tallised. The crystals are dried by 
exposure to the air, taking care that 
they do not come in contact with any 
organic substance. 

(6) Dissolve the silvp in jiure nitric 
acid, and evaporate. 'The nitrate is 
yielded in square anhydrous tables. 
Dissolve this in distilled water, filter, 
and evaporate again, and the nitrate is 
obtained pure.' 

Plati^ Solutions.—(a) Silver 
nitrate, 1 part; common salt, 1; 
cream of tartar, 7 ; .powder and mix. 

(6) Silver nitrate, 1 part; potassium 
cyanide, 3. Both are applied by wet¬ 
ting with a little water and rubmng on 
the article to be plated, which must 
be quite clean. Platiug done by the 
above will be very thin, but it wUl be 
silver. 4 

(c) Get a glu;ed earthen vessel, put 
in 1 oz. nitric acid; place it on a slow 
fire; it will boil instantly. Throw in 
some pieces of real silver: this wiU be 
dissolved at once. As soon m dissolved, 
throw in a good handful of salt to kill 
the acid, then make into a paste with 
common whiting. The article required 
to bo silvered to be cleaned from greasa 
and dirt, and the paste to be applied 
with a little water and washleather. 
This will keep for years. 

(d) Silver nitrate, 55 parts; solution 
of ammonia, 60 ; soda hyp(»ulphito, 
100; precipitated chalk, lOO; distill^' 
watw, 1,000. 

(c) Dissolve 2 oz. silver wit^ 3 gr. 
•corrosive sublimate; odd tartmic acid, 
4 lb.; salt, 8 qt. 

(/) 1 oz. silver nitrate is dusolved 
in 1 qt. rain or (^tilled water, and a, 
few crystals of S(^ hyposuljflute are 
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added, which forma brown precipitate 
soluble in a slight excess of hy|M)Bul- 
phito. Small articles of steel, brass, 
or Gennan silver iimy be ‘silvered by 
dipping a sponge in the solution and 
rubbing it over the surhicc of the arti¬ 
cle to be coated. A more concen- 
tnvtcd solution may l)o used for coat¬ 
ing parts of articles which have stripped 
or blistered, by applying it with a 
caiiicl-liiiir pencil to tho jwrt, and 
touching the Hi>ot at tho same time 
with a thin clean piece of zinc. 

Silvering Clock Dials.—Hub 
tho dial with a mixture of silver 
chloride, tartar, and sea-salt, and 
attcrwanls rub off the sjiliiie matter 
‘4ith water. This silvering is not 
durable, but it may l>e improved by 
heating the article, and repeating the 
operation once, or oftoner, if thought 
necessary. 

Silvering* Iron.—(^r) 15 grm, 
silver nitrate are dissolved in 250 gnn. 
water, and 30 gi'iu. potassium cyanide 
are abided; when the solution is com¬ 
plete the liquid i8pourerlinto750grm. 
water, in which 15 grm. common salt 
have liecn jnxjviously dissolved. 

{b) Cast-inm intended to be silvered 
by this solution should, after liaving 
been well cleaned, be place<l for a few 
minutes in a hath of nitric,ac^ of 1*2 
!?■•) just previous to being placed 
in the silvering fltiid. * 

(o) Tolish the surface very clean and 
level with a burnisher ; then expose it 
to a blueing he^ ; a leirf of silver is to 
be pr<)perly placed and cjirefuUy bur¬ 
nished down. This is repeated until 
sufficient loaves are applied to give the 
silver a proper body. 

(rf) By solder. Slips of thin solder 
are placed between the iron wid silver 
with a little flux, and secured together 
1^ binding wire. Then place in a clear 
fire until the solder melts; when it is 
taken out, on cooling, the silver will 
^here firmly. 

(c) By tinnii^j the iron first and 
uniting the silv^ by means of slips of 
rolled tin, brought into fusion in a 
gentle heat. 

(/) A manufacturer ^ Vienna em¬ 


ploys the folhnving process for silvering 
iron. He first covers the iron with 
mercury, and silvers by the galvanic 
process. By heating to 570^^ F. the 
mercury evaporates and the silver layer 
is fixed. Ironware is first heated with 
dilute hydn)chloric acid,* and then 
dipped in a solution of mercury nitrate, 
being at the same time m communis- 
lion with the zinc pule of an electric 
battery, a piece of gas cjirbon or plati¬ 
num Iwing used as an anode for the 
other polo. The metal is soon covered 
with a layer of <juicksilver, and is then 
taken out and well washed and silvered 
in a silver solution. To save silver 
the ware can be first covered with a 
layer of tin ; 1 part cream of tartar is 
dissolved in eight of boiling water, and 
one or more tin anodes are joined with 
the carbon polo of a Bunsen element. 
Tho zinc pole communicates ivith a 
well-cleaned piece of copper, and the 
battery is made to act till enough tin 
is <leposited on the copper, when this 
is taken out and tho ironNvare is put 
into its place. The ware thus covered 
with tin chemically pure and silvered 
is much cheaper than any other 
silvered metals. 

Plated Silver Beffectors.—A 
l»th made of water, 1| pint; silver 
nitrate, 2 oz, ; {>ota8sium cyanide, 
10| oz. Add sufficient Spanish white, 
or levigated chalk, in fine powder to 
produce a thin paste, which is kept in 
a well-closed pot. This paste is spread 
by a brush or pad of old linen all over 
the surface of the reflector, and allowed 
almost to diy, when it is briskly rubbed 
over by another clean dry rag of old 
linen. 

Silvering on Solder.— The dif¬ 
ficulty of obtiuning regular deposits 
of silver over articles which have pArts 
soldered may be greatly obviated by 
scratch-brushing those parts dry, that 
is, without the usual liquid employed. 
This renders these r^ractoiy parts 
better conducting, provided ^ that 
during the operation no impurities are 
j loft on these spots. ^ 

I Silvering Thermometer 
I Scales.— Take ^ oz. silver nitrate; 
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duBolvo in half a tea-cupful of cold 
water ; add § lb. cream of tartar, with 
Ib. common salt l)eateu or ground 
fine. Mi^ and Htlr well together, 
adding water until it attains the con¬ 
sistence of a thick pc^te. Now lay the 
scale on a board, the brass or cop[>er 
being previously well cleaned and cast 
olf«.from fine' sand-paper ; rub the 
silvering on with your hand until it 
attains the ap{)earance of silver, which 
will l>e a minute or so; now ti»ke the 
work ofi" the board and rub a little wet 
wliiting over it, wash out in clean cold 
water, and dry in sawdust. If var¬ 
nished with a thin coat of white hard 
varnish, reduced in spirits of wine, this 
will last for years. The alwve ({uan- 
tity of silvering, used with care, will 
silver six dozen brewers’ thermometers 
14 inch^ long. 

De-silvering.—(a) The following 
liquid will dissolve silver without 
attacking coi)per, brass or German 
silver, so as to remove the silver from 
silvered objects, plated ware, etc. It is 
a mixture of 1 part nitric acid with 6 
parts sulphuric, heated in a water- 
bath to 160^ F., at which temperature 
it operates best. 

(6) Mix sulphuric acid, 1 pul ; 
•nftric acid, 1 ; water, 1 ; boil the 
metal in the mixture till it is dis¬ 
solved, and throw in a little salt to 
cause the silver to subside. 

(c) Nearly fill a flat pan of enamelled 
cast iron with concentrated sulphuric 
acid, and heat to a temperature of 
300M00°F.; at the moment of using 
it pinches of dry powdered saltpetre 
arc thrown into it; then hold the 
article with copper tongs in the liquid. 
The silver rapidly dissolves, and the 
copper or its alloys are not sensibly 
corroded. According to the rapidity 
of the solution, more or fewer pinches 
of saltpetre are added. All the rilver 
has been dissolved when, after rinsing 
in water and dipping the articles into 
the cleansing awds, they present no 
In^wn or bla^ spots, thtit is, wheq 
they appear like new metals. 

For removing tlie silver from 
wrought wd oast iron, zinc, or lead, 


it is preferable to invert the electric 
current in a cyanide bath, or to use 
mechanical processes. Old desilvering 
liquors beedme green rfter use ; to re¬ 
cover the silver they are diluted with 
four or five times their volume of water, 
then add hydrochloric acid or common 
salt. The precipitation is complete 
when the settled liquor does not be¬ 
come turbid by a new addition of 
common salt or hydrochloric acid. 
The resulting silver chloride is sepa¬ 
rated from tlie liquid either by decanta¬ 
tion or filtration, and is afterwards re¬ 
duced to the metallic state. 

(c) For dissolving silver in the cold 
the objects are hung in a large vessel 
fille<l with the following mixture 
Sulphuric acid at 66° B., 10 pu'ts; 
nitric acid at 40° B., 1, in which they 
reraun for a greater or less length of * 
time, according to the thickness of the 
coat of silvw to be dissolved. This 
liquid, when it does not contain water, 
dissolves the silver without sensibly 
corroding copper and its alloys ; there¬ 
fore avoid introducing wet articles into 
it, and keep the liquid perfectly 
covered when not in use. As far as 
practicable, place the articles in the 
liquid so as not to touch other, 
and in a vertical {) 08 ition, so that the 
silver salt, will fall to the bottom. In 
proportion as the action of the liquor 
dimmbhes pdur in small and gradual 
additions of nitric acid. Dissolving 
silver in the cold is regular and certain, 
but slow, especially whLn the proiX)r- 
tion of silver is great. 

Hot Silvermg.-;-<a) Diwohe 1 
oz. silver in nitric acid; add a small 
quantity of salt; then woshitandadd 
sal ammoniac, or 6 oz. sidt an<l wliite 
vitriol; also | oz. corrosive sublimate; 
rub tliem together till they form a 
paste. Hub the piece which is to bo 
silvered with tlie paste, heat it till the 
silver runs, after which dip it in a 
weak vitriol pickle to clean it. 

(6) For small articles a bath is made 
by dissolving in an enamelled cast-iron 
kettle in 2 gal. water, 17J oz. ordinwy ■ 
potassium cyanide. Also dissolve 
oz. fused suver nitrate in If pint 
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water contained in a p'laHs or porcelain 
vcMHel. The second solution is gradu* 
ally jKiured into the firstt Stir with 
a glass nsl. The white or greyish- 
white prccipiUte produced soon dis- 
s«)lveK, aiul tl)e r<’inaiiiing liquor is 
fillered it a pin-fectly clear liath is 
<l(!(-ircd. When brought the boiling- 
piiiit, it will iinniediatcly ^ilve^ the 
oleuised copitcr arliclos plunged in it. 
The ohjccUs uiiisL he (]uickly with- 
ilrawn. The silvering should inline- 
diaiely fullow the cloiiiibing, althtiugh 
the rinsings after oacli ofiemtion should 
lie thonmgh aiul complete. This bright 
and light silvi'ring is adaple^l for set 
4 jcwellery, which cannot lie scratch- I 
brushe<l witliout Hutteniug the clawjw, I 
and to which a bright lustre is ulwo- j 
lutely necessaiy as a sulwtituto for the ] 
foil of buniisheil silver plained under ' 
the precious sbuies of real jewellery. | 
The emphtyment of the stdution of 
nitrate of biiioxidcof mercury is useless, | 
and even injurious, for this bith. It ' 
is useless to keep up tlie strength of : 
the soluthm by new additi«ui8 of cya¬ 
nide and silver salt; tlms reinvigorated 
it gives results far inferior to those of 
the former .solution. The bath shouhl, 
therefore, be worked out as long os 
the silvering is satisfactory, and when 
exliaustcd, put away with Ihc waste. 
With this proc^ps a hittery and a so¬ 
luble anwlc may be used to obtain a 
more durable deposit. 

(c) A solutijm which, when lioiling, 
produces a very fine sdver coat, with 
a dead, or jiartly dead lustre, uiK>n 
cleansed coppers, is made by dissolving 
with tile aid of heat, in a well-scoured 
copper kettle, distilled water, 9 pints ; 
potassium forrocyanide, 21os5. ; jiotasli 
wbonate, 14 oz. When the liquid 
boils, add the well-washed chloride ob- , 
tained from 1 oz. pure silver. This ! 
should boil for about J hour, muI lie | 
^ter^ before using ; part of the silver 
deposits upon the copper kettle, and 
^ould be removed when a new batli 
IS prepared. On account of this incon¬ 
venience, the process has lieen nearly 1 
abandoned, altlujugh the products are ' 
remarkably fine. Al^^he dipping sil-1 


vering baths, which contain a compara¬ 
tively great excess 'of potassium cyanide 
to the proiKirtion of the silver salt, will 
silver well copper articles perfectly 
cleansed, even in the cold; wliereas 
tills proixjrty diminishes in profsirtion 
to the increase of tlie amount of silver 
in the Iwth, or wiHi the tlecre-is* of 
tlie amount of cyanide. 

(d) Kor small articles, partly copper 
and partly iron, su(;h as those used for 
saddlery and carri^e wares, a par¬ 
ticular prtxiesh of slivenng is used. The 
l»ath is composed of: Water, 9 pints ; 
caustic potash, 6 oz. ; jiotash bicarbon¬ 
ate. oz. ; potassium cyanide, 2 oz. ; 
fused silver nitrate, j oz. The cyanide, 
(Hustic {Mitash, and bicai'bouale are 
<li.sM)lved in 7 pints of water in an 
enamelled cast-iron kettle, then the 
remaining quart of water, in which the 
silver nitrate has been separately dis¬ 
solved, is addeil to the former solution. 
For the silvering operations, the articles 
are cleansed, tlionmghly rinsed, and 
put into a small enamelled kettle. 
Enough of the silver batli is poured 
in to cover the articles entirely, and 
tlie whole is brought to a boil for a 
few seconds, and stirretl with a wooden 
spatula. When tlie silvering appears 
satisfactory, the liquor employed is put 
with the saved waste; the some liquid 
is never usc<l for two batches of fu-ticles. 
This process gives a somewhat durable 
sUveringwith adcod lustre, of agreyish- 
wliite, wliich is increased in wMteness 
and brightness by soap Mid burnishing. 

Silvering with Foil.—This 
method is never practised except upon 
objects already manufactured, in their 
definite shape, and is adopts to all 
kinds of copper, bronze, or brass. It 
is, in <^tain respects, superior to 
plated silver, but is very difficult of 
execution, and has loss tulhesion to 
the metal uudemrath. After anneal- 
ing_ the articles, they are thrown 
, wliilst hot into a bath of sulphuric 
{kcid with a small propoition of hydro¬ 
chloric and nitric acids. They have 
then a dull and dead lustre, owing to 
a multitude of small holes, which are 
so many points of attachment for the 
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silver foil. The objects, thus pre¬ 
pared, are tightly fixed upon an iron 
rod, which is held in a vice. Their 
tepperature is raised to about 300*^ F., 
by means of incandescent charcoal put 
at the propey place, so as to open the 
pores of the metal, which, by cooling 
afterwards, will imprison the silver 
apfuicil. The silver fiiils, teken from 
the book with small tweezers, are cut 
to the proper size upt)n a cushion with 
an ivory or steel knife. After each 
foil is deposited upon the object, it is 
made to adhere by a light pressure of 
a r^ pad, and afterwards by the fric- , 
tion of a steel burnishing tool. The 
parts of the silver foil which do not 
atlhere are removed with a soft brush. 
Gold-beaters prepare silver foil either 
with bright or dead lustre. The latter 
is made to adhere only by the pressure 
of the pad, and not by the burnisliing 
tool. This dead lustre cannot compare 
in fineness with that obtained by the 
battery; however, it resists handling 
and the sulphurgascsof the atmosphere 
better. Article thus silvered are oidy 
burnished after all the silver foils have 
been applied; round or cylindrical 
objects are burnished upon the lathe, 
(Other forms by the hand ; there are 
always places and lines showing the 
vih-ations of the himishing tool. 
This method of silvering is only em¬ 
ployed for vop^ laige objects, such aa 
high phandeliers and otlier church 
ornaments. Spoom and forks may be 
covered with silver foil, as follows 
slightly silver with a dead lustre 
in a silver bath by dipping; heat, 
and then cover with silver foil, by the 
pressure of an iron scratch-brush 
striking vertically, forcing the silver 
foils into the pores of the metal under¬ 
neath. Burnish by the usual method ; 
it is impossible to obtain a dead lustre 
by this method. 

Whitexiizig with Silver in a 
Pot.— This operation is still employed 
for whitening smali ware for which 
-dural^ty is of secondary importance!*, 
lutd .which simply require the whiteness 
of silv^ ; such as hooks and eyes, or 
buttons. ; This whitening is made as 


I follows :—(rt) Dissolve a certain quan¬ 
tity of pure granulated silver in double 
its weight of pure nitric add. The 
solution is largely diluted with water, 
and the metal is precipitated in lieavy 
white chnls by common salt or hydro¬ 
chloric acid. All the silver nitrate 
bts Ireen decomposed when a further 
: addition of hydrochloric add or com- 
i mun sidt to the clear supei*nativnt 
li([uid does not produce any turbidity. 
The clear liquors arc then tlirowii 
away, and the silver chloride obtained 
is washed several limes, to deprive it 
of all freo acid. If this precipitate is 
to be kept some lime before use it 
should lie removed from the sunliglit, 
which blackens it r.q)i<lly.. The silver 
chloride, with a little water, is ihor- 
oi^hly mixed with at least 80 times 
its weight of finely powdered potash 
bitartrate, and kept in a stoneware 
pot. 

(6) Pure silver for making the 
chloride, 1 part; powdered cream tar¬ 
tar, salt, 83 parts eacli; a few spoon¬ 
fuls of the paste tlmiwn in, and dis¬ 
solved in boiling water contained in a 
pure copper kettle. The articles are 
dipped into this bath by a hook, or in 
a basket of wire gauze. Or liave 
another basin of cupper, shallow and 
perforated with holes, which rests 
against the upper sides of tlie kettle. 
By means of liandles* this basin can 
bo removed at once with its contents. 
Stir the articles with a w^ooden spatula; 
and at each operation add a quantity 
of paste, proportioned to the surfaces 
to be whitened. These baths do not 
work well when freshly made, but im¬ 
prove as they arc more used. They 
acquire a ilark green tint, due to the 
copper which is dissolved, and which 
takes the place of the depc«ited silver. 
Varnishing, colouring, and cleansing 
may be done in aquafortis ; but these 
cleansing methods arc inferior to those 
employed for gilding; in geuerjd, use 
the worn-out ^ids of ^ders. Br^hten 
the articles by friction with saw-dust. 
The smallest particle of iron, zinc, or 
tin introduced into the wlutening-bfttb 
imparts a red .colour to the or 
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cop{»er articles in the liquor. The iron 
IK sepM'ated l>y a inoguet; the zinc is 
dissolved in pickles of hydrochloric 
or sulphuric acid, which, when cold, 
do not KouBibly contide the cop|jer 
articleK; tin or lead must Ih; picked out 
by hand. If the o{>eralion has not 
8 ucc«!e<lcd, the articles arc plunged for 
a few secouds into a boiling solution of 
water, 2^ gal. ; silver nitraUi, oz. ; 
onlinary potasKium cyanide, 21 oz. 
This bath retains its strength for a 
long time, and increases the brightness 
iuid whiteness of the deposit. The 
process of silvering by dipping lias 
nearly 8uperscde<l this methoil. 

Silvering Powder.—(«) Take 
40 gr. silver dust; cream of tartar, 
'i dr. ; common salt, 2 dr. ; ami 40 gr. 
powder of alum. Polish any silver 
articles with lliis powiler and a soft 
leatlier. 

(/*) Silver nitrate, 30 gr.; common 
salt, 30 dr. ; cream of tartiir, 3J dr. 
Mix, moisten with water, ami apply. 

Plated Silver is obtained by roll¬ 
ing U^et-her a plate of copper of the 
first quality, and one of silver; these 
are either welded, or simply united by 
placing tlieir hot and clean surfaces 
together, wetted with a concentrated 
solution of sUver nitrate.. The two 
metals are reduced and drawn out 
about e<{UHlly by the pfessuiv of rolls, 
and long KhecU or Uuids of silvered 
metal are thus obtained, with which a 
great many articles may be manufac¬ 
tured. By this mode of operation, a 
great quantity of material is lost, as 
tlie objects have to l^e cut out from a 
sheet entirely silvered, and the waste 
retains a largo pi-oporti(«i of tliat 
metal; the cut sections present parts 
witliout silver, which must be hidden 
by ledges, or by silvering by another 
method. There is also the absolute 
nec^ity of employing pure copper, 
'which is more costly, less sonorous, 
and not so tough os its alloys; but the 
g^test defect of the process is the 
difference of thickness of the silver, 
awwitling to the shjipc of the object, 
liaised surfaces are the most exposed 
to friction, and it is there tliat the 
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coat of silver is the thinnest; the con¬ 
ditions are reversed with electro-silver¬ 
ing, and the parts in relief receive a' 
more abundant deposit of silver, which 
is a satisfactory result. The best 
' plated silver is manufacflircd by apply- 
; ing uiK>n an ingot of pure copper 
I weighing 9 parts, another ing^ of 
I pure silver wcighii^; 1 part, to coat 
one sale only; add another part of 
silvei-, if it is intended to coat Ixith 
sides. The two are rolled together 
until the desired thickness is obtained. 
The silver of the plated metal will be 
bright if the rollers are well polished, 
and dull with rough rollei-s. The only 
sohler which does not injure platotl 
silver is tin solder; and when tlio ob¬ 
jects manufactured are re(juired to re¬ 
sist a waim tempcratuio, nuts and 
screws arc employed. 

(a) The electroplating of old wares 
made from copper with a covering 
of silver is often difficult. Sup¬ 
posing it is requiretl to electroplate 
an old cruet-stand, the bottom is 
sejKirated from the wire, either by 
unsoldering or unscrewing. Smooth 
by emery cloth, or piUnice and water, 
or by powdered l«th-brick brushed 
over with a hard brush. Spots of 
verdigris are removed with a few 
drops of hydrochloric acid. The great 
difficulty consists in giving a good elec- 
tro-deixjsit upon tlie edges or mounts 
where there may be some lead* or lead 
solder; apply to such parts with a 
rather soft brush a solution made by 
dissolving 4 oz. mercury in nitric acul 
and adding about ^ pint cold water 
This solution is lightly brushed over 
the lead mounts only; the article and 
bush are then well rinsed, and the 
brush and plain water are applied in 
the same way. The solution of mer¬ 
cury will turn the edges black, or dark 
grey, but the subsequent brushing will' 
render them bri^it again. The frame 
i when well rinsed is ready for the de- 
•p^iting bath. If, on ita firat immer¬ 
sion, any black spots appear, the frame 
may be removed, again bu8hed*over, 
and finally returned to the bath. If 
the edges do not reemve the coating of 
* H 2 



100 


SiLverino : Plated Silver, Brass, 


silver as readily oe the other jiarts, the 
solution uuiy re(|uire a little more 
cyanide, or a greater lottery power, or 
an increase in the surface of the anode. 
These lead edges may l^e prepared for 
receiving the silver ileposit by a pre¬ 
vious coat of copper applied as follows i 
Thc^.edges are plunged into a solution 
of copper sulphate, with a little free 
sulphuric acid in it; then, by toucliing 
the lead edge with an iron wire, it is 
immediately coated witli a bright do* 

C “i of copjier, which is rinsed and 
ines a good conductor for the fur¬ 
ther • electw-deposit of silver. The 
coatii^ of tin underneath the hottom 
of cruet frames is very difficult to plate, 
unless in a solution made expressly for 
it; therefore it is preferalilo to remove 
it either with abrading materials, or 
with nitric acid employctl witli cjkre. 
This processof doiK)sitiiigcop;)cr will lie 
found useful uotoiily forold plated wj«^, 
but also for many articles on wliich arc 
found unruly spots of tin solder. 

(6) Oxidi8c<l iiarts and gil«ling may 
be put upon the same article by the 
following method: After the whole 
surface has been gilt, certain portions 
are covered with the resist viuiush ; 
silver the remainder. Should the pro¬ 
cess of silvering by paste and cold 
rubbing be employed, the gil<ling 
should be very pale, because it is not 
preserved, and is deeply rcddene<l by 
the sulphur liquor. When this iucon- 
venionce occursfrom a too concentrated 
liquor, it is partly remedied liy rapidly 
washing the article m a tepid solution 
of potassium cyanide. 

(c) Deep black is thus obtmnod upon 
cleansed copper: Dissolve 11-4 oz. blue 
ashes (copper hydrocarbonatc) in a suf¬ 
ficient quantity of aqua ammonia, place 
the cleansed copper in this solution, i 
cold or tepid; it will be instiuitane- 
ously covered with a fine black deposit. 
This coat is so thin that burnished 
articles look like vaniished black. 

{d) Oxidise silver-plated articles by. 
^dissolving copper sulphate, 2 dwt., 
potasli nitrate, 1 dwt., and ammonia 
muriate, 2.dwt., in a little acetic acid. 
Apply with a camel-hmr pencil; but 


wann the article first, and expose it to 
the fumes of sulphur in a closed ^x; 
the parts nou to be coloured must be 
cuat^ with wax. 

Silvering Brass.—(a) Take J lb. 
potassium cyanide and ^ oz. silver 
nitrate; dissolve all the cyanide in 
16 oz. distilled or boiled water, and 
the silver in a similar quantity in 
another vessel. Into the vessel con¬ 
taining the silver, throw a 8|KH)uful of 
common salt; stir this up well with 
a clean jiiece of wc^id tunl lot it settle; 
dissolve some salt in water, and after 
the silver solution is settled mix a few 
dro(>s of the s;ilt water in it. If there 
is any cloudiness formed it proves 
that ^ the silver is not thrown down ; 
more salt must be added, and then 
stir and allow to settle. If the addi¬ 
tion of salt water has no etlcct, the 
water may Ije deciwxted off, caicfully 
preserving th<5 white deisisit. Now 
jxiur Btime lioiling water on this de¬ 
posit ; let it settle, and pour off as 
before. Do this at le.ast three times; 
jHiur off as dry as possible, and adil 
alxiut 1 pint clean water, an<l then by 
I oz. at a time the cyanide solution, 
till all the wlutc precipitate is dis¬ 
solved ; add enougli water to make 
§ gal. Stjf well after each ad<lition of 
cyanide solution. If on dij)piiig the 
article, which‘must he well cleaned 
with hrick-dust and water, into tliis 
solution the silver deposits immedi¬ 
ately and in a dark po’.fder, it must 
be weakened by abiding more water; 
if it coats slowly, more white pre¬ 
cipitate must be iirepared, washed, 
and added to it. Tliis must also be 
done when the solution is getting short 
of silver. It works best at about 0O°-. 
70^ h\ ; a dry, warm room suits the 
operation. Brass Mid copper only can 
he silvered; otlier met^ require a 
battery. This method gives a beau¬ 
tiful result when the work is polished^ 
and burnished. 

(6) Clean the articles thoroughly, 
and then immerse them ior a feW 
seconds in a solution of silver cyanide, 
which will plate them without any 
further lauuble.S 
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(c) A RilverhiK solution, which will 
cover (iernwn silver, and coppjjr 
with a thin but Huhstautiul film uf sil¬ 
ver, may lie made by adding to a 
strwng solution of silver nitnito suffi¬ 
cient of a solution of potassium cyanide 
to rodissolve the preci]iitate at first 
thrown ilowii. Mix in with tliis sufli- 
cient Siwnish whiting or precipitated 
chalk to make a tliin jiaHtc. Iliis 
solution, to obtain its Isist effect, 
should Ik; ^Hglltly wanned before 
application, and the articles to lie 
silvereil shouhl Ik; clean and free from 
grease. IJy siyittering or ruhliing zinc 
filings o\ej' the surfiujc to he sihered, 
es|K‘cially if it be of copper, a much 
more iHiiutiful effect is produced, the 
tilings lieing washed off after the silver 
coating is obtainetl. 

(d) To coat copper or brass objects 
with silver, without tlifficulty or loss 
of time, mix 3 jwirts silver chloride 
witli 20 of jKiwdered ciknuii of tartar 
and 15 of powdered coniinon salt. 
Moisten a suitable <iuantity of the 
mixture with water, and rub it witli 
a piece of blotting jnijicr upon the 
metallic object, which must he thor¬ 
oughly clean. The latter is after¬ 
wards rubU'd with a pieiie of (uitton 
upon which prccipihvled chalk is 
dusted, then washed with* water, and 
polished with a dry cloth. 

SUvenii/j - paste for Jirasit .—This 
may be use<l for clock-dials, hvro- 
meters, melj^l-frontetl thermometers, 
etc. Put in an eaitheuware cuj) 
an ounco of silver, pure silver if 
obtainable, but coin silver will do. 
Fill the cup half-full of nitric .-usitl, 
then stand it in a Houct!|Kui of Water 
to 1)0 heated. As the heating tjdces 
place brown fumes will come off; these 
must not bo breathed. When tlxo 
fumes cease, add a toa8iK)onful of table- 
salt. Fuming will re-comiiiencc, but 
•soon cease. The cup is then at once 
taken from the beat and filletl vety 
slowly with cold water. A wliite 
powder will form; allow tliis to 
settle to the botttim, then slowly 
decant the liquid. When almost 
empfy, fill again witjji cold water, and 


decant again, repeating this process 
at least half a dozen times. Mix the 
powder (commercial cliloride of silver 
will do instead) with 10 Hi. table-salt 
and J 11). cream of tartar. Mix thor- 
ouglily dry, then add, enough cold 
W'ater to make a paste. Add the 
water slowly, so as not to get in too 
much. Keep in a covered vessel and 
from the light. 

The piece to Ikj silvered sliould be 
thoroughly cloaneil with emery cloth 
or pajwr just Ixifiit' applying the paste, 
which is to lie put on liy hand and 
rublieil well in the surfoce of the work. 
After this is done, the work should 
have a <lirty, silvery yellow tinge, 
which will be brightened by rubbing 
with a djy mixture of J lb. of cream 
of tm'tar and 10 lb. salt well mixed. 
The work should be thoroughly wosljed 
to clear it of the surplus salt, and then 
dried in sawdust and lacquered. 

Cold Silvering. “(«) 2 dr. tartar, 
2 dr. common salt, } dr. alum, and 20 
gr. silver, precipitjited from the nitrous 
acid by coj)per. Make into a paste 
with a little water. This is to be 
rubl>ed on the surface to be silVered 
with a cork. 

(/)) Pissolve pure silver in aquafortis 
and precipitate the silver with common 
salt; make tliis precipitate into a paste 
by adding a little mure salt and cream’ 
of tartar. It is applictl as in (a). 

(c) A stoneware or gl^ vessel » 
; about three jiarts fdl^ with liquid 
soda bisulphite; a solution of silver 
nitnitc in distilled water, of medium 
concentration is gradually added while 
the luth is continually stirred with a 
glass rcKl; a wliite flocculent precipi¬ 
tate of silver sulphite is produced by 
stirring ; this is ilissolved by the soda 
bisulpliitc. The silver solution is 
addcil M) long as the precipitate readily 
disappears, and stopped when it be¬ 
comes slow to dissolve. This bath is 
always ready to work, and instantane- 
, ously produces a magnificent silverii^ 
upon copper, bronze, or brass articles 
which liave been thoroughly cleansed 
and piuised tbroi^h a weak ^lution of 
nitrate of biuoxide of mercury, al- 
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tliough this last operatiwn is not abso- ' tlie coat of goW; allow the paste to dry 
lately necessary. The loss of silver is naturally, or with the aid of a gentle 
made good by additions of silver nitrate, heat. The cl\emical reaction is more 
When the proportion of the bisulphite or Ic^ complete according to the thick- 
is not sufHcient to dissolve the metallic ness of the gold deposit, and the dry 
salt, add some soda bisulphite to paste is of a pink shade, or entirely 
•restore the bat'h to its primitive state. ; green. The salts are removed a 
Silver is slowly deposited upon the tliorough rinsing in cold water, and the 
sides^Of the vessel; this may be dis- silver appears with a fine frosted ap- 
solved in nitric acid for future uses. jiearance, the brightness of which may 
As the Inth is cold it is always ready be increased by a few seconds' im- 
for use, and the deposit is finer and mersion in a very dilute solution of 
more unalterable, because only chemi- sulphuric acid, or potassium cyanide, 
cally pure silver is deposited, without This silvering liears the action of the 
any mixture of subsalts. Bisulphites wire brush and of the Inimishiug tool 
of potash, ammonia, and other alkalies very well; and it may also be oxidised, 
may be substituted for the soda bisul- Should a first silvering not be found 
phite, but the latter is to be preferred sufficiently durable after scratch- 
because it is cheaper. brushing, apply a second or a third 

(d) By rubbing, with the thumb, a coat. 'This silvering is not so adher- 
cork, or a brush. The results are ing or white on pure copper as upon a 
better than those by the whitening gilt surface. For the reflectoro of 
process, but not very durable ; the lanterns the paste is rubbed upon the 
method is useful to repair slight reflector with a fine linen pad ; theu, 
defects upon more durable silverings, with another r&g, a thin paste of Span- 
and to produce mixtures of gold and ish white, or similar substance, is 
silver, or gold, upon slightly gilt spread over the reflector and allowed 
objects, thus avoiding the use of resist to dry, Rubbing with a fine and clean 
varnishes. Make a paste by thoroughly linen rag will restore tho lustre and 
grinding in a porcelain mortar or whiteness of tho plated silver, 
with a muller, and, os far as practi- Preparing Soda Jiindphite for 
canle, not in the light—(1) Water, Cold Silvering .—Put into a tall 
t|-5 oz.; white fused silver nitrate, vessel of glass or porcelain, water, 
or, preferably, chloride, 7 oz. ; potash 10 pints ; crystallised soda oarl)oiiate, 
binoxalate, 10| oz.; potash bitartrate, 10 lb. Pour a little tnercury into 
10} oz. ; common salt, 15 oz.; sal the bottom of the vessel, so tliat the 
ammoniac, 2|oz. (2) Silver chloride, glass tube carrying sulphurous acid 
3} oz. ; potash bitartrate, 7 oz.; gas, which has to be placea in it, may 
common salt, 10} oz. When finely not be stopped by the crystals formed 
pulverisedinaporcehuu mortar, tritur- during the operation. Arrange an 
ate it under a muller, upon a plate of apparatus for the production of sul- 
ground gloss until there is no granular phurous acid gas, and let the washed 
feeling. Keep the paste in a porcelain gas pass through the vessel holding 
*pot, or in a black glass vessel, to pre- the soda carbonate. Part of the sodR 
serve it from the %ht, which decom- is transformed into sulphite, winch 
poses it rapidly. When about to use dissolves, and a part falls to the 
it, add a little water so as to form a bottom as bic{n*bonate. The latter is, 
thin paste, which is applied with a however, transformed into sulpMte 1^ 
brush or pencil upon the cleansed a continuous production of sulphurous 
articles of copper, or upon those gilt acid, and the carbonic acid escapes. 
hy dipping, or even upon those gilt by When all has dissolved, continue the 
the*^mt^iy> provided that the coating j:^sage of sulphurous add until the 
is thin enough to allow the copper to liquid slightly reddens blue litmus 
deoompose,"the silver paste through paper, and theu ppt the whole aside 
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for 'iX hourw. After that time, Home 
ciytitals arc found u|)on the mercury, 
and the liquid above, fliore or loan 
coloured, in the soda hiaulphite fur 
silvering. The crystals are separated 
from the mercury, drained, and kept 
for gilding baths. Tliey arc not suit* 
able for silvering. The liquid noth, 
bisulphite should be stirred with a 
gloss rod, to throw oiF the carbonic 
acid whicli may still remain. The 
liciuoi should then be again tried with 
blue litmus paper. If it turns a dee]) 
red, add a little soda carlionate for 
neutralising the excess of sulphurous 
acid; if red litmus paper liecomes 
blue, there is too much alkali, and 
more Hulphun)us acid gas should be 
passed through the liquid, which ih in 
the l>cst condition when litmus ])a{>er 
becomes violet or slightly red. This 
solution marks 2'2'^-26'^ B. and must 
not come in contact with iron, sdne, 
tin, or lead. 

Nielled Silver.—This is a kind of 
inlaid enamel work, and is obtained by 
the sulplmnition of certain parts of a 
silver object. But instead of being 
direct, tliis is produced by inlaying the 
silver surface with a sulphide of the ‘ 
same metal pro]>ared befoT-ehand. For 
prepwing tlie niel, heat a qprtain pro- 
jjortion of sulphur in a deep crucible ; 
heat a certain quantity* of silver, cop¬ 
per, and lead in another crucible, and 
when melted pour into the fused sul¬ 
phur, which stransforms these metals 
into sulphides; then add a little sal 
ammoniac, remove from the crucible, 
pulverise for use. First crucible— 
flowers of sulphur, 27 oz.; sd ammo¬ 
niac, 2| oz. Second crucible, which 
after fusion is poured into the firat— 
silver, | oz.; copper, oz.; lead, 2f 
oz. 

(a) After Imving reduced the niel to 
a fine powder, mix with a small pro- 

t artion of a solution of sal ammoniac, 
ollow out the engraving upon a silver 
surface, and cover the whole, hollows 
and reliefs, with the composition. The 
article is then heated in a muffle until 
the composition solders to the metal, 
Unwver the pattem«%y a level polish, 


when the silver will appear as over a 
black ground. This method is costly, 
as eucli article must be engpved. 

(b) Engrave in relief a steel plate, 
and press it against the silver plate 
Itetwoeu two hard bodies. The copy 
is hollow, and ready to receive the niel. 
A great many copies (nay l)e obtained 
from the Hame matrix. 

Old Silver. — To imitate old 
artistic productions made of solid 
silver, the groundwork and hollow por¬ 
tions nut subject to friction are 
covered with a blackish-red eui thy coat, 
the ]>urts in relief remain with a i>right 
red lustre. MLx a thin paste of finely- 
j)owdered ])lum])ag«) witli essence of 
turpentine, to wliich a small propor¬ 
tion of red oclire may be addeil to imi- 
ttvtc the cupper tinge of certain old 
silverware; smear tliis all over the 
articles. After drying, gently rub 
with a soft brush, and the reliefs are 
set olf by cleaning with a rag dipped 
in spirits of wine. Old silver is easily 
romovc<l, and the brightness of the 
metal restored, by a hot solution of 
caustic potash, potassiuui cyanide, or 
benzole. To give the old silver tinge 
to small articles, such as buttons and 
rings, throw them into the above paste] 
rub in a liag with a large quantity of 
dry fir-wood saw-dust until the desired 
shade is obtained. 

Oxidised Silver.—(a) This is not 
an oxidation, but a combination with 
sulphur or chlorine. Sulphur, soluble 
sulphides, and hydrosulphuric acid 
blacken silver, and insoluble silver 
salts, and pai'ticularly silver chloride, 
rapidly blackens by solar light. Add 
four or five thousandths of ammonia 
hydro-sulpliate, or of potassium quinti- 
sulphide, to oidinary water at a tem¬ 
perature of 160°-180® F. When the 
articles are dipped into this solution, 
an iridescent coating of silver sulphide 
covers them, which after a few seconds 
more in the liquid turns blue-l^k. 
.Remove, rinse, scratch-brush and bur¬ 
nish when desired. Use the solution 
when freshly prepared, or the prolengai 
heat will precipitate ioo much sulphur, 
and the deporit will be wanting in ad- 
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herouce; besides the (ixidiitiou cjb- i 

tained in freuhly-propared li(|uors is | SlaG PrOIIUCTS ANP 
always brighter and blacker tlian that, ^ 

produced ib old solutions, which is dull 1 pLACt W OOL. 

and grey. If the coat of silver is loo j 

thin, and the liquor too strong, the As blast-furnace slag consists almost 
alkaline sulphide dissolves the silver, wholly (»f silioji, lime and alumina (ap- 
and^he un<lerlying metal appears. In proxiinatoly in the volumes of 3 • 3 and 
tliis case cleanse and silvci- again, and 1 respectively) it is to Ix) wondered at 
us© a weaker blackening solution. that some really great use has not l)een 
discovered for it. The available 
amount is practically inexliaustible, 
and it is to 1x3 liad fur notliing, or less 
(for its dis{)Osal has now to be jniid for 
in most cases). As will bo shown, 
then; aro sevend good uses it is Iteing 
put to, but, as yet, the quantity so 
di-tposed of is couifumitivoly trifling. 

The disposal of tiie enormous out¬ 
put of slag or scoria from blast-furnaces 
lias idways l)eeii one of the serious 
difficulties of tlie irou tnule. Taking 
an average of all the districts in Eng¬ 
land, for each ton of irou mode,25 cwt., 
of slag is produced ; and from the 
official returns of 1879 of the inm 
smelted, no less titan 8 , 000 , 000^118 of 
slog were produced. The space oocu- 
pi€xl by this nwws, wlion loosely tip|)«l, 
is something like 170,000,000cub. ft., * 
whilst the bulk of the iron occupies 
«>x9K3c- only ^ of the same space. There is, 

however, tRis great diffei'ence helweeii 
iron and its refuse, that whilst the 
former is diffused and finds it way into 
every comer of the world, the latter is 
left behind at the snqdting-works, 
alisorbing somctliing like 250,000f. 
annually in its disposal, and destroying 
hundreds of acres of ^’aIuable agricul¬ 
tural land. WliiJe we produce such 
enormous ({UfUitities of iron, so loiig 
will these hetqis go on accumulating; 
and tliere is little chance that existing 
masses will eyer l« turned into a 
marketable product. At the f»me 
time, blost-furuadc slag [Kissesses many . 
valuable projierties, which may in cer¬ 
tain localities be bonverted into things 
useful to the arts and science, and at 
considerable profit. 

Of ottier slags produced in metallur¬ 
gical operations—such as in the smelt¬ 
ing of copper, lea^, zinc, and tin ores 
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—no use is made ; hut there are also 
slags, or ciudera, produced in tlie 
manufacture of wrought fnm, some of 
wliicli are re-smelted, after which no 
greiit hulk of refuse in left. 

Blast-furniice slag, as it flows fn>m 
the furntvce when making foundry ir«»n, 
is usually of a grey colour, of much 
the same consistency as molten glass, 
a substance, in many points, it greatly 
resembles, jwrticularly when the more 
siliceous ores are Ixjing smelted. It is 
veiy fluid, ami has a temjierature con- 
sulerahly above the nieltiiig-jioint of 
cast iron ; in pniof of which, if a piece 
of cold cast iron l>e placed in a block or 
wagon of fi-esh molUm slag, it reatUly 
melts. At this high temperature it 
contains a large quantity of gas, a con- 
sid^ble pirtioii of which is thi’own 
off or cxudoil as the slag cools down or 
becomes set. >Su muclt is this the 
cawi, that a large “ block "or “ liall," 
technically so terimnl, will often burst, 
an hour or two after l)eing run, from 
the accumulation of this gas in the 
inside. ^ The bui-sting of these balls at. 
the iron-works is of constant occur¬ 
ence, and a source of divnger, caused 
by the liquid slag and the outside shell 
dropping after the Udl has burst. 
This is jiartially overcome making 
the workman knock a hole througit 
the top crust l^fure leaving the fur¬ 
naces. Again, tfie least dearrangement 
in working the furnace is quite suffi¬ 
cient to alter jthe miture of the slag, 
and often, within | hour, will the slag 
be cliangejl from grey to a |>erfect 
black. Such ateolour usually indicates 
iin|H‘rfcct smelting, and the slag will 
be fountl to contain a laiger proportion 
of iron tlu^n it should do. 

Eoad-Hetal .—For many years 
the only known use for blvst-furnace 
sl^ was in rood-making, and for this 
purpose it is still largely employed. 
Id Noriltamptonshire, and in certain 
districts of Yorkaliire, the whole of the 
slag produced is sold at a considerable 
profit. These, Iiowever, are local ex¬ 
ceptions. Lai^ quantities of sl^ are 
used in the works on the breakwater 
at the Tees mouth, ^mething like 


COO,000 tons annually. A similar 
chiss of work is carried on at Barrow- 
in-Furness, from the sl^ produced at 
the hematite funuices in tltat town; 

I but in consci|uence of the large amount 
I of lime contained in this sl^, much 
1 greater care lias to lie taken in ita 
selection. The slag ilscsl at the Tees 
' breakwater is cluefiy taken away upon 
; Isigies, in blocks weighing ton each. 

I Thu sliig is run into these blocks upon 
' the waggons at the furnaces, a cose or 
Ik)x lieing placed upon the bogie for 
, this purpose. When the slag is sufil- 
I ciently “ set," this case is removed, and 
! the wagon, with the block upon it, is 
I biken a distance of about six miles to the 
i breakwater. A huge quantity is also 
i tipfxid upon a platforitj on the river- 
j side, in such a position that the tide 
I completely covers it j it is then wheeled 
' into luqqier barges. Fowler and W(K*d 
devised a plan for shipping the bogies 
; with the liot Inlls into barges, and 
' towing them tlowii the river for dis- 
clmrging ; eiicli barge is constructed 
to carry 40 bogies and is about 220 tons 
bunion. 

Castings.— The next stage in 
slag utilimtion is the eu<leavour which 
has at various times lieen made to ruff 
the liquid slag, as it flows in a stream 
from tlie furiuuse, into moulds ; or, in 
^ otlier words, making slag castings, 
j Such an idea at first sight would seem 
j natural enough. Here, it may be said, 

^ is a material flowing to waste, in a 
' liquid state, capable of being run into 
moulds, and of taking impressions al- 
j most oquid to those of cast-iron. The 
' castings also, when successfully made, 
are exceedingly durable, and even 
I beautiful to look at. So alluring has 
I l)een the idea of casting, tlu^t during the 
I last fifty years the Patent Office has 
I recorded almost ammally the attempts 
I of some inventor impressed with the 
notion that he could treat this tr^h- 
erouB fluid successfully. To describe 
these various schemes, or to give even 
an outline of tKem, would occupy too 
much space, but the following remSrks 
will afford a general idea of the diffi¬ 
culties. 
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The high temperature at which the 
slag leaves the furnace has becti before 
noticed—njimely about 3000° F. (1727° 
C.), but, when it is brought into con¬ 
tact with anything cold, in the slmpe 
of a mould, 4t re^ily parts with its 
heat, and, in so doing, suddenly con- 
traats. The surface contracting, be¬ 
comes filled with fine cracks or ^ws ; 
so much is this the case that, if allowed 
to assume entire consolidation in the 
moulds, these cracks will be found to ' 
penetrate completely through the 
casting, and upon exposure to the air 
the casting falls to pieces. This is 
the more vexing as, when slag is run i 
into a large mass—say into a pit of i 
sand 8 or 10 ft. deep, and conUining j 
30 to 40 tons—there is sucli an enor- i 
mousamountof heataccumulatingthat | 
it becomes self-annealing, the outside | 
of the mass is kept at a high tempera¬ 
ture, and, if allowed to remain until 
cool, not a flaw will be found, and the 
b 1^ becomes so tough and hard that it 
may be quarried in the same way as 
granite or whinstone, and used for 
street paving. 

Paving Blocks.—There is, how¬ 
ever, one exception to the numerous 
failures in slag-casting. It is known as 
Woodward's patent, and, although 
there is absolutely nothing new in the 
process, still, through the preseverance 
of Dobbs, the late manager and en¬ 
gineer for the furnaces of T. Vaughan 
and Co., an amount of success lias 
been arrived at, sufficient to enable the 
company which works the process to 
pay a fair dividend. The success lias 
been eminently a practical one, and 
appears to rest mainly upon two points : 
—Firstly, in the quickness with which 
the castings are removed from the 
moulds, and placed in the annealing 
ovens, where the temperature is con¬ 
stantly kept up nearly as high as the 
melting-point of slag, the beat, after 
the ovens are full, l^ing so gradually 
lowered that the outside of the casting I 
cools at the same rate'as the inside ; | 
tKe • contraction is thus equalized | 
throughout, strains upon the outside I 
are avoided, aud the fine surface cracks ^ 


do not penetrate much IkjIow the skin. 
And secondly, upon the fa(‘.t tliat only 
solid roctanglilar blocks, with a certain 
amount of bulk in them, are at¬ 
tempted. 

At one works blocks are made by 
running the liquid slug into a series of 
open-topf)ed moulds. Tlie moulds are 
of cast-iron, and arc iield by one end 
upon the periphery of a horizontal 
wheel or table. The wheel is sus¬ 
pended by tie-rods upon a ccutitd 
pillar. The mouhls, when Iwing filled 
up, are brought in succession under 
the slag-runner by the man in atten¬ 
dance, who watches until the mould is 
full. When the slag lias become con¬ 
solidated in tlie moulds, a catch-hook 
is knock up, the moulds fall to pieces, 
and the bricks drop to the ground. 
When they come out of these moulds, 
altliough consolidated, they are still in 
a sort of lialf-moltcn state, aud are 
immediately removed int(» annealing 
ovens, which are always kept at a 
higli temperature, so that the blocks 
receive no chill. The ovens ^re of 
small size, and wlieu full are sealed up, 
and allowed to cool down by them¬ 
selves. There are about 70 moulds 
upon each macliine, and the hotter 
these are kef)t the bettef; whilst, to. 
prevent chilling of the molten slag as 
it runs into the mouI<4, they receive a 
thick coating or washing of chalk or 
lime after each casting, the lime acting 
as a non-conductor as will as assisting 
the block more readily to drop out of 
the mould. Thus the casting is not 
allowed to reir^in in contact with any* 
tiling which can extract its initial heat, 
so as te produce unequal cooling. 
Laige quantities of these bricks or 
pavii^-blocks are used for crossings, 
stables, yards, and streets, possessing 
duraUlity, uniformity, and good gen¬ 
eral appearance when well set. From 
a series of tests made i^nst a crush- 
ing strain, some of these blocks carried 
a weight equal to the hardest granite. 

Bottle Olaes.- -The next success- ^ 
ful process for doling with molten slag 
is Gilley Britten’s. He converts it, 
by a kind of ccpipound process, intu 
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glaPR fnr bottle>raaking and for many 
purposes where a pure white glass is 
not essential. The slag is ^ken from 
the blast furnace in lai^e l^les upon 
wheels, in quantities of about .^00 lb. 
In this state it can be conveyed a con¬ 
siderable distance to the glass works, 
where it is poured into a Siemens re¬ 
generative gas-furnace, known as the 
“continuous melting tank furnace," 
arranged to work with gas made by a 
ga?^ producer. The material is fused j 
and amalgamated in a melting-tank, i 
Tlie fluid metal, becoming fused, flows ! 
through a liridge into a secondary 
chamber called the gathering Iwsin. . 
The glass is withdrawn from this luisiu I 
through a series of holes by the work- I 
men, and fashioned into bottles, or 
other useful articles, in the usual way. ; 
JBy this arrangement the work of charg- j 
iug and witlidmwing the liquid glass 
is continuous and proceeds uninter¬ 
ruptedly. The consumption of coal 
per ion of slag-glass should not exceed 
10 to 12 cwt. With each cliarge of 
molten slag into the melting-tank, 
alkalies and sand, and colouring or de¬ 
colorizing material, are added in pro¬ 
portion depending on the quality, 
colour, and composition of the gl^s 
required. 

To make bottle-glass equal inequality 
and appearance to French.clutinitagne : 
and claret glass about 50 per cent, of l 
sl^ may l>e used ; for plate-glass, the 
same proportion, or rather less of sl^; 
but for glass fdl* heavier articles, a 
much larger percentage can be adopted. 
Bottles made from slag-gloss are j 
stronger than those manufactured in j 
the onlinaiy way from the usufd mate- | 
rials, and will stand 820 to 850 Ib. per i 
sq* in.; half-bottles (pints), 420 to j 
450 lb. i)er sq. in. Sh^-glass, owing ' 
to its toughness, is eepeci^ly suitable | 
for manufacturing into tiles, cisterns, j 
plates, slates, etc., f<n' which glass is ! 
not now employed. The chief points 
of merit claini^ for this process are : 
the utilization of a waste i»x)duct, I 
economizing the heat of the, molten- j 
slag, and converting it, with additional i 
materials, into good glaiw^^quicker, and 


at less cost, than by the processes 
generally eniploy(5d. 

Slag Shingle and Sand.—(a) 
111 1871, the waste land for* the de¬ 
posit of b]^ at the Tees Iron Works 
being filled up, and the wqrks of the 
Tees Conservancy liaving temporarily 
lieon brought to a stand^ill, it bccan^ 
of serious moment to know what was 
to be done with the slag. 

Tiie cost of cooling it, and putting 
it on board Irniges for taking out aiul 
tipping it iut^o the sea, was so heavy 
tliat it was sui^csted the sU^ should 
l»e prepared in sucli a form that it 
could tipiKKl into the barges in the 
same way as coal is done upon the Tyne 
and other places. To meet these re¬ 
quirements several schemes were pro¬ 
posed and tried; amongst the iirst 
(and only successful one) is the hori¬ 
zontal rotary slag-cooling table de¬ 
signed by Wood, and which, withlitfle 
alteration, continues to work up to the 
present time. The machine upon 
which the sl^ falls revolves very 
slowly, and is about 16 ft. in diameter. 
The top of this table is formed by a 
series of slabs; those receiving or 
cooling plates, or slabs, are about 2 ft. 
in width, each forming a s<^ent of 
the circle. These plates are kept cool 
by liaving a zig-zag wrought-imn pipe 
cast in them, through wliich water cir¬ 
culates, being fed from a centre globe ; 
the water, ^ter j)as8ing through two 
plates, flows into the b^in under the 
table. These water plat^ are I'lolted 
down in such a way as to be able freely 
to expand and contract. The liquid 
sh^, as it flows from the usual nmner, 
sprt^s itself upon the moving table 
into a broad band of slag, varying in 
tltickness from ^ in. to f in., depending 
upon the quantity and fluidity of the 
slag. From the point where the table 
receives the molten slag a distance is 
traversed of about 10 ft. or 12 ft., to 
allow the slag to consolidate ; after 
which, water a jet is made to flow 
freely upon the surface of the hot slag 
until it reaches a set of scrapers, whop, 
liaving become nearly cool, it is pushed 
off into iron wagons below. When the 
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slag reaches the scrapers it has bo- wooden waggous. The spout is also 
come somewhat iirittle, and readily perforated, ^ allow any water which 
|karts from the table, and slides off in | lias been carried over with the sand to 
large flat'piecea. When perfectly cold j return into the machine. The per- 
it is tipped from the waggons, and falls j forated buckets have another important 
into small-sized pieces, called “slag- i function to perform, viz. that of agi- 
shingle.” Thcprcxluceofthismacluno ■ tating the water. The water, in rush- 
1^ ^und sugh ready sale that it Irw ' ing to tho bottom, meeting these 
kept going almost constantly ever ; (ibstructions, rolls over in a violent 
since it started, and alxmt ilOO.OOO manner, and into this agitated water 
tons have been sold, chiefly for making ; the liquid slag flows just as it comes 
concrete. In place of paying 6d. |)er i from the furnace. The uuiteil action 
ton to get rid of the slag, it has real- ' of the agitated water and the forma- 
tsed about Is. 3d. per ton. 1 tion of steam, scatters, as it were, tlio 

Thelargeconcreteblooks, each weigh- ! molten .slag in the water into the ma- 
ingabout230tons,constructedbyFow- terial called slag-sand. The wear and 
ler, for dn)pping into tlic sea to form tear of tliis machine is very liglit, there 
the head of the Tees breakwater, are being no working pivrts (ioming in con- 
chiefly composed of this material, and tAct with the sand or the heat. The 
several-heavy foundations for engines, I heat, being taken up by the water, is 
drainage work, building, etc., in the i thrownoffin the shape of steam, winch 
district, have been executetl with it. comes away in large volumes. Grey 
(6) The next great step in advance, slag taktib up about 20 pi^r cent, of its 
and which laid the foundation for own weight in water. The total cost 
several processes hereinafter men- of this sand in railway trucks is about 
tioned, was the reduction of the molten 6d. per ton. 

sla^, as it flows from the surface, into On the Continent a kind of slag-sand 
a soft spongy kind of sand, by a ma- lias been made —prior to the luloptioii 
chine known as WooiVs slag-sand ma- of the process just mentioned“by run- 
c.hine. In principle it is the reverse of ning the sl^ into tanks full of water, 
the slag-shingle miiehine, inasmuch as, and elevating the sand by chain buckets 
instead of the wheel being horizontal 1 into waggons ; but tlic ap{)amtuB is 
and the slag running upon a dry table, very imperfect, and will only work slt^ 
the slag flows into a wheel placed upon made from foige iron, known as black 
its e<lge, and falls into a liath of water, slag. * 

varying in depth from IS to 24 in. The The application of slag-sand, in so 
wheel or drum is of wrought iron, and cheap a form, to the useful arts, natu- 
about 14 ft. ill diameter. It is fixed rally followed the proauotion, and after * 
and carried on curved arms. The arms numerous experiments, extending over 
arc curved to allow, in the first place, many months, it was decided to estal)- 
the slag runner or spout to outer the lisli separate works in close proximity 
wheel; and secx)ndly, to ihake room for to the fumsvees, where, under Wood’s 
the sand-receiving spout on the oppo- own direction, various processes could 
site svle at the top. The wheel makes be develo])cd. In Oeorgemarienhutte, 
al)out five revolutions per minute, and in Hanover, under the direction of 
the water contained inside is partly Luunian, a process of hrickmakiug was 
Cfkrried up by the elevators, and in initiateil a few months p^viously. 
falling causes a constant rush of water Prusmn Metkfxl.’-ie) Tho hij^ 
to the bottom. Perforated screens, or furnaces are provided with a continual 
elevators, are arranged to screen the overflow for the slag, which runs' 
sl^ fi'om the water, and lift it to the through a narrow gutter formed in tliQ- 
; top of the machine, where it drops sand into a sliallow pit, through which 
upon the sahd-reoeiviug spout, and a small stream of water is kept rumiiog. 
thence slides in a constant stream into i By this chil^ng process the sh^ as> 
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<5011108 the form of a fine gravej. An 
eudless chain at once lift8 the slag out 
of the pit and loa<l8 it up8n care. By 
grinding this matcnal fine in a cement- 
mill it is formed into an excellent 
sharp building-sand ; the great bulk 
of it, however, is used, without further 
reducing its grain, for making bricks. 

For tliis purpose it is mixed with 
one half of its bulk of mortar in a 
tiough in wliich three shafts provided 
with long blafles revohing. It is 
then shovelled into the brick-maclunes, 
cacli of which turns out about twenty- 
live bricks a minute. These bricks 
arc filled ufi in the ojicn air for <lryiug, 
aiul are ready for use after about six 
weeks. They continue to hmlcn on 
ex}H)8ure to the air, and are said to 
possess greater strength than oixliimry 
burnt bricks. They are extensively 
used for all kinds of buildings, their 
light-grey colour firoilucing a very 
f’leasiiig cflecl, and the roughness of 
their surface fitting them particularly 
well for redlining a cofitiiig of mortar. 
They cannot Iw used, however, for 
foundation walls, as by the absorption 
of moisture, their cohesiveness is im¬ 
pairs 1. 

(</) The remarkable setting proper¬ 
ties of slag in a state of subdivision 
has attracted the attention ot scientific : 
men for years, i^d mtuiy schemes for I 
producing artifidal stone, cement, etc.» 
liave liecn tried ; but, in consecfuenco 
chiefiy of the ctist of disintegration, no 
results wero obtained with commercial 
success. 

John Gjers, of Middlesbrough, pro¬ 
duced a coarse kind of sl^-sand, wliich, 

ter grinding under edge-runners, was 
used extensively for some little time, 
upon the pig-lieds; but it had to be 
ahaudooed, because it consolidatod too 
much, causing violent explosions (tech¬ 
nically termed “boils”), from the 
steam from the d^p i»Dd being 
unable to escape when the meted was 
run from the furnace in pigs. 

Cement.—(a) The tlueo most im¬ 
portant component parts of slag are 
silica, alumina, and lime, forming, os 
' they do, about 90 cent, of the 


whole. The latter of these, however, 
chiefly exist as silicates; if to these, 
caustic lime be added, they arc acted 
upon, water of combination orcrystal- 
lisation lieing taken up; and if the 
material be kept damp and exposed to 
ibc air, hardening or induration is 
carried on for months.’ 

If caustic lime be added to slags pxir 
in lime, so as to bring this element up 
to or 60 per cent., it will be seen at 
once how closely it will resemble the 
analysis of Portland cement, the com- 
jiosition of which is as follows:—Lifnc, 
60 per cent.; silica, 24 ; alumina, 8 ; 
iron oxide, 4. Gorman Portland ce¬ 
ment is sometimes made with as low 
as 55 per cent of lime, whilst Homan 
cement has often only 50 jier cent, of 
lime: but these ■aiJl generally be 
found to contain oxides of iron in an 
increased proportion. 

The remarkable hardening efToct of 
oxides of iron in conjunction with lime, 
silica, and alumina, is well known, and 
is well exemjilified in the Italian puz- 
zolanas, where, in several of the best 
qualities, the lime is actually as low as 
8 per cent., whilst the oxides of iron 
run up to 12 or 15 per cent. The 
liardening effects of iron oxides in-‘ 
duced Wood, prior to the developm^t 
of the slag industries, to employ the 
dust from the iron-stone clamps in 
place of sand when m^ing concrete 
for heavy foundations, and the setting 
properties and strength of this (X}m- 
Hnation have upon examination been 
fully confirmed. Agmn, having to 
erect a row of columns for a large roof 
upon the bed of an old iron-stone 
cuunp, the floor of which had been 
accumulating for several years, it was 
found to be BO extremely hard that 
I Wood simply levelled the bed down, 
and set the columns directly upon it. 
These, after many years, show not the 
sl^htest signs of settlement, although 
the ground underneath had been made 
up ^m ships’ ballast. 

It appears an aleolute necessity ior 
obtaining good results that the fdhru^ 
ginouB material should be calcined (n* 
' roasted, the effect of which is td drive 
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off the carbonic ucid and water ; the 
reabsorption of the water, which unites 
in chemical combination with the 
material, afterwanis assists in hartlen- 
ing. 

(6) llhc Word cement has sometimes 
been objected to in connection with 
mis material, l>ecause it is generally 
manufactuml in a wet state, and must 
be used within a few hours of its being 
nwlc. Upon this jwiut Wootl ex¬ 
presses no opinion, simply mentioning 
the foot that, in point of strength, he 
finds little difference whether the mate¬ 
rials are ground together in a dry or 
in a wet state. The coat of jiroduction, 
however, is as nearly as possible 4 to 1 
in favour of the wet state. It is mode 
by grinding under edge-runners for 
about 1 hour (the finer the better), 70 
per cent, of slag-sand, 15 of common 
lime, and 15 of iron oxides, calcined 
iron-stone, or spent pyrites. Follow¬ 
ing is an analysis of this cement:— 


Lime .... 

Per cent. 

. 22*90 

Silica .... 

. 21*60 

Alumina . . . 

. 19-85 

Iron protoxide . 

. 4*00 

Manganese protoxide 0 ‘ 21 

Iron peroxide 

. 8*80 

Magnesia. . . 

. 4-36 

Potasli . . . 

. 0-50 

Soda .... 

. 0*32 

Supbur . . . 

. 1*19 

Sulphuric acid . 

. 1-54 

Phosphoric acid . 

. 0-02 

Clarbonic acid 

. 3-00 

Total water 

. 12*00 

Lees oxygen of 

. 100*29 
the 

lime combined with 

sulphur . . 

. 0-59 


99-70 


Upon oomiMfcring this analysis with 
that of Fortiand cement and the puz- 
zolanas already given, it will be seen 
that the various hardening ingredients 
«exist in all. 

•The laige quantity of water held in 
nuspeifsien in the sl^-sand is quite 
sufficient to make the mass in the mill 


into a semi-fluid state, but this water 
is mostly taken up in setting, as water 
of crystallisation. It is therefore 
necessary that the cement should l)e 
used l)efore setting takes place. This 
cement is uiAially employed for makin^^ 
concrete, by mixing one part of the 
cement to five of slag-shitigle. The 
shingle is made by the sl^-sliiugle 
machine before described. 

The shingle, before l)eing used, is 
well wetted; and when the concrete is 
put into place, it is beaten lightly down 
ill a soft state, until the water and ce¬ 
ment liegiu to rise on the top; two days 
afterwards it has becomesufficiently set 
to allow of the building-boards being 
taken down, and at the end of a week 
it will be fairly hard, and will go on 
hardening for montlw. It is perfectly 
Ijydraulic, and will harden under water. 
It will bo seen by this that it re(|uires 
a longer time to set than Portland 
cement, and is perha{» not quite so 
blu'd; but there is a remarkable tough¬ 
ness, which has surprised all those who 
have used it, and this toughness umkes 
it valuable for heavy machinery foun¬ 
dations, etc. 

Whilst the underground walls of the 
SU^ Works referr^ to hIkivo were 
bei^ executed they were twice im¬ 
mersed, throt^h exceedingly high 
tides, with'the resvlt that this part 
of the building is the hardest of 
all; and to give an idea of the 
Btrei^th, Wood mentims that when it 
was necessary to cut two ojienings at 
different pohits through the basement 
walls, 8} ft. wide and 6 ft. high, this 
employed two good workmen, with 
steel bars and sledge hammers, at 
least four days for each doorway. He 
knows of no material at a similar cost 
which can ccmipete with it, and he is 
satisfied that it lias only to be widely 
known to bo more extensively used. 
Personally, where time can be dven, 
he employs nothing else for all Wvy 
foundations for rfilling machineiy, for 
which purposes, as a conglomerate or 
monolithic mass, it is peculurly adapted. 
Slags from the furnace mcdclng Besse¬ 
mer iron areV>etter adapted for this 
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cement even than those from the 
Cleveland ores. 

Mention lias been niadepf the neces¬ 
sity of keeping the products from slag- 
sand in a diimp state for a length of 
time after manufacture in onler to 
give them time to harden, {)r, in other 
words, to allow the material to abaoi-b 
or take up as much water m will 
chemically combine with the lime, 
silicit, ami alumina; but whether tliis 
water l)ecome8 water of crystallisation, 
or water of hydration, or a combina¬ 
tion of both, is not at all certain. 
Wood is, however, strongly impressed 
with tlie i»lea that water in a fixed 
state, more (nirticulurly in a a>inpound 
state, plays by far a more importtmt 
' part ill the setting of cements than is 
generally supposed; tliat the pl-csenco j 
of water in a chemicidly combined ■ 
state forms as much a constituent 
part of cement as does the lime, silica, 
and alumina, seems certain from the 
results of the analysis shown further 1 
on. Fur instance, if Portland cement 
be heated to redness, so as to evaporate 
the fixed water, the Cement loses at | 
once its strength, and Ijecoincs rotten. 1 
Again, with gypsum, where the water [ 
of crystallisatiou amounts to more than | 
one-fifth of its bulk; if this is driven off | 
atared heat we have little better tliau a . 
powder left. And it se^ns clear that ' 
the (|uicker this crystallisation takes * 
place, the ijuicker is the setting; and, 
on the contrarv, m in the slag cements 
Md the brick, ahe slower the water is 
in becoming fixed, the slower is the 
hardening; thus showing the necessity 
of keeping them djimp during the 
process. 

(c) llansome, the well-known inven¬ 
tor of artificial stone, has recently 
taken out a patent for mixing the 
slag-sand in its wet state with chalk, 
and then burning the whole togetlier 
in a cement kiln into clinker, after 
which he grinds it down in the same 
'suy as Portland cement. The results 
riven are remarkable, exceeding Port¬ 
land cement in strength by nearly 30 
percent. 

(d) Reid made some exneriments on 


the application of slag to the manufac¬ 
ture of Portland cement, and coidd 
not get very satisfactory r^ults; but 
that was before Wood’s granulated slag 
was to bo liad. He found the greatest 
difficulty with the sulphur. He got 
in his slag about per cent, of cal¬ 
cium sulphide, which-would amoMit 
to altout 2*84 per cent, of lime eul- 
]>hide, in the cement wl}cn finished, 
an amount which made the cement 
very unreliable. He found also that, 
in working up the slag with tlie lime, 
it was very difficult to incorporate the 
two thoroughly; but it was very possi¬ 
ble that Wood s granulated slag, which 
was very finely divided, might be more 
easily mixc»l witli lime. The amount 
of sulphur usually contained in Port¬ 
land cement, according to Grant, is 
nearly 2 per cent. If you were to 
make cement from slag already con¬ 
taining 12 per cent, of sulphur, you 
would get 4 1 K.T cent, of lime sulphate 
in it, which woukl render it unreliable, 
Tliis process was patented by Bodmm* 
in 1866 ; the specification stated that 
tlie invention consisted in the manu¬ 
facture of a cement by mixing together 
sl^ cinder or scoria, whether naturally 
or artificially produced from furnaces,* 
with a certain proportion of lime or 
calcareous matter, and with or without 
alumina. Egleston lias referred to 
blast-furnace slogs being used for vari¬ 
ous things, and amongst others for the 
manufacture of cements. He said 
that tlie possibility of having them in 
the form of granulated slag reduced 
the price of the pulverised material to 
sucli a figure that, in certain parts of 
Germany, ah artificial cement equal in 
every respect to the best Portland was 
manufactured at a large profit. 

Mortar.—Mortar for building pur¬ 
poses is simply made ly grinding the 
slag-sand with aliout 6 per cent, of 
slaked lime in an ordinarj’ mortar-mill, 
and (if ground fine) it makes a far 
better mortar than is generally em¬ 
ployed by builders. There was at one 
time a very large demand for this 
material in Middlesbrough. There Is 
onlv oiKi objection mndA r/i it «{% 
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it sets too quickly. Mortar supplied 
ou the Saturday, left unused, Mould 
be worthless on tlie Mon<lay. As with 
the other slag products, its remarkable 
strength and cheapness cunibincil make 
it much liked 1^ those who, in close 
proxiuiity to the works, can obtain it 
fK^hly made. ■ 

Bricks.—A most important pro¬ 
duction, and the one which cmisumes 
by far the greatest quantity of slag, is 
that of concrete-bricks, known in the 
market as slag-bricks. These arc made 
from the sand produc©! by the slag- 
sand machine liefure described. The 
sand is dix)]»pcd from the railway 
waggons into hoppers, or depots, at the 
works, whence it is filled into lai^e 
barrows, taken up a hoist to the top 
of the building, and tip])ed into a 
hopper, which supplies a measuring 
apparatus. Here it is mixed with a 
certain quantity of selenitic lime 
(General Scott's {latent), with an addi¬ 
tion of iron oxides; it tlicn {>asses into 
the brick-press hereinafter to be de¬ 
scribed. The bricks are taken off the 
presses by girls, pbiced u{)on spring- 
barrows carrying 50 Inicks each, and 
removed to air-hw^cning 8he<lB ; here 
.they remain a week or 10 days, after 
which they are stacked in the air to 
further liaji^cn,and at the expiration of 
five or six weeks they are ready for the 
market. Here is tlie curious anomaly 
of bricks being made without burning, 
emd of a wet season being favourable 
to the hardening process. The bricks 
thus produced are veiy tough ; they 
do not split M’heu a tiaU is driven into 
them, and are easily cut; they do nut 
break in transit, and the frost lias no 
effect upon them. 

The preparation of this selenitic lime 
forms a necessary branch of the busi¬ 
ness. It is m^e in the following 
manner:— 

80 per cent, of unslaked common 
lime. 

10 per cent, of raw gypsum. 

^0 per cent, of iron oxides calcined. 

These are.idl ground t(^ther, under 
edge-runners, into a fine dry^ powder. 


The composition is then passed through 
a fine sieve, 24 mesh^ to the inch, and 
is ready for Jihe brick-press. To each 
1,000 of bricks, 6 cwt. of this lime is 
used; no water is added, sufficient 
lieing held in suspension in the slag- 
sand to thoroughly moisten the lime ; 
in fact, it is no uncommon thing to 
find flowing from the brick-press a 
strewn of water which has been 
S4{uees{ed out of the sand. The loss 
of bricks in manufacture is very small; 
in fact, after the bricks are once upon 
the barrows, the waste is not mure 
than per cent. The weight of 
these bricks is about 30 {ler cent, 
lighter tiian ordinary red ones—9 in. 
by 4^ in. by ‘2J in.—weighing only 2^ 
tons jier 1,000. 

As before mentioned, the lime used 
for uuvkuig bricks is selenitized, the 
fulloM'ing l>eing the analysis of the raw 
gypsum eiiqiluyed in the process :— 
Per cent. 

Sulphuric acid . 46* 181 Lime 
Lime . . . . 32*32/ sulphate 

Silica .... 0*35 

Water at 100 {>er 
cent. ... Nil 
Ditto given off’ at 
red heat, being 
water of crys- 
tallidhtiou . . 21*00 

•99*85 

The {irocess of brick-making, as now 
carried on,* is extrem4iy simple and 
inexpensive ; but it wm here tliat the 
greatest difficulties were met with. 
Tniercwasno macliinery ttf be purchased 
that could work the slag-sand into 
bricks u) the state in which it arrived 
from the blast furnaces. In the earlier 
attempts, the sand had to be pre{»rod 
in a fine state, the result being a supe¬ 
rior class of bricks, but at a ecsit so 
great as to exclude them from the 
market. Wood had therefore to design 
and construct brick-pre^es and other 
machinery tliat could work the sand, as 
it came from the slag-sand machinal, 
directly into bricks. 

In designing^lw press, the following 
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points had to l)e kept in view, viz. : 
unusual depth of brick moulds, as the 
wind (being spongy) is exceedingly com- I 
pressible ; great pressure, in order to I 
consolidate the slag; as well as great 
care in mixing the lime in fixed pro- ^ 
portions to the sand—too much hme 
tending to burst the bricks, whilst too 
little seriously afTects the hardening. 

Artificial Stone.—(a) One other 
manufacture from slag is ^at of arti¬ 
ficial stone. It is moulded into chim¬ 
ney-pieces, window-heads and sills, 
bslustrading, wall coping, and other 
ornamental work for builders, as well 
as for paving for footpaths, stables, 
etc. The stone is composed of 2} parts 
finely-pulverised slag, and 2| of gi’ound 
firelock, to one of Portland cement; > 



for the market in (t or 6 days. 

(6) A sort of concrete brick has 
been made also from hematite Bessemer j 
slag. Tliese bricks have been made ; 


by a process difibriug entirely from the ' 
system adopted by Wood at Middles- ( 
brough. The slag emjiloyed is pul¬ 
verised from the cold solid mass under 
heavy edge-runners, which crush the 
material into fine dusty shingle; it is 
then lifted by elevators into French 
burr-stones, and ground dofi^n as fine 
as sand. From the stones it passes 
through a worm conveyer to a brick- 
press, during which about 25 per cent, 
of common r^er-sand is added, with 
suffident water to thoroughly damp it, 
without any addition of lime; again ’ 
showing, in a remarkable d^ree, the [ 
extraoi^ary setting nature of the j 
slag after the chemical comlanatiou } 


wth the water and exposure to the I 
ftir have taken place. These bricks are | 
taken from the press and placed under 
cover for a few days, when they are 
put out in the open air to Imrden, 
They are of excellent shape, grey colour, 
Mid b^me exceedingly hwd. Large 
qutotiti^ liave been employed in 
building, and appear to be standing 
wnarkably well. The ccet, however, 
is VOTy heavy, owing to the difficulty 
of prepwing the skq^ and ^e wear 


and tear of the machinery ; the exces¬ 
sive weight also precluding the sale at 
any groat distance from works. 
The large amount of lime, combined 
with the silica and alumina in the 
Bessemer slag, quite accounts for the 
setting properties. The bricks con¬ 
tinue to ha^en for ^ars, and ap^^Sbr 
to arrive at a kind of crystalline frac¬ 
ture, which damp greatly accelerates. 

llanure.—(a) A material contain¬ 
ing BO much lime, silica, alumina, sul¬ 
phur, and magnesia, in a condition 
like the white soft slag-sand, suggested 
its application as a fertilizer for some 
kinds of land. Some years ago it was 
brought before the Royal Agricultural 
Society, and Dr. Voelcker reported 
that the result of his examination 
showed Uiat it m%ht be usefully em¬ 
ployed upon moin'hnd and peaty soils 
as a cheap and effective suMritute for 
lime. Sin<% this report was made, 
many hundreds of tons have been sold 
for this purpose, and although there 
was only 32 per cent, of lime in the 
slag supplied, the results have been 
very saiisfactoiy, particularly on land 
growing potatoes. Had it been Bes¬ 
semer slag, contMning 40 to 50 per 
cent, of lime, there cannot be a doubts 
that the results would have been still 
more satisfactoiy; and Wood feels 
sure that it must in some loctditi^ 
find a large outlet for this purpose. 

(5) The successful attempts made in 
recent years to remove the phi^phorus 
from iron in the couree of manu¬ 
facture by the basic process have at¬ 
tracted the attention of chemists to 
the possibility of recovering the valu¬ 
able manure phosphoric acid from 
the slag. A |»tent was obtained by 
Thomas and Twynam for the manufac¬ 
ture of phosphoric acid and phosphates 
from slag, especially adapt^ to their 
recovery from slags poduced in the 
basic Bi^emer and Siemens processes. 
The sl^ is finit finely ground, and the 
particles of iron are picked out by 
means of magnets ; it is then treated 
with sufficient hydrochloric And, 
eitho* in aqueous solution or in vapoor 
to dissolve out the ^oaphcoic add, 
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and part of the iron oxides. The pow¬ 
dered slag may first l>c I'oastod in a 
calciner W oxidize the ferrous oxide. 

If sufficient ferric acid'be not present 
ip the solution to combine with all the 
phosphoric acid, it will be necessary 
either to add some ferric oxide or 
pt'ddlers’ sl^ (which should perferably 
have been firat roaste<l), or to oxidize ' 
any ferrous oxide present, either by 
chlorine gas or by the addition of 
manganese biiioxide (in which latter 
case there must be sufficient free acid 
in the solution to cause the decompo¬ 
sition of the manganese binoxide and 
set free chlorine), or the ferrous oxide 
may be oxidized by other well-known 
meiins. The solution is then run off 
from any insoluble residue, and suffi¬ 
cient lime or (preferably) chalk is added 
to cause precipitation of ferric phos- 
pliate (magnesian limestone may be 
uMid in place of ordinary limestone for 
this purpose, the magnesia dissolved 
being afterwards precipitated by lime). 
The precipitation of the ferric phos- 
hate may be effected in the cold, 
eeping the solution well agitated; 
but a gentle heat causes the precipitate 
to settle down better. When tlie pre- 
<cipitatioD is complete the ferric phos- , 
p^te is separat^l from the solution > 
by filtration, and washed to free it j 
from calcic cWoride. The precipitate is 
thendried, soasto drive oft'all itemter, 
and di(^sted with a cunriderable ex¬ 
cess of sulphuric acid, so os to decom¬ 
pose it into phosphoric acid and iron 
sulphate, which latter is insoluble in 
the excess of sulpliuric acid employod. 
Ordinary chamber acid is able to efiect 
this decomposition, but a stronger acid, 
such as is obtained when using a Glover 
t tower, is better adapted for the jmr- 
p(»e. The ferric phospliate shouhl be 
kept well agitated in the liquid, which 
may be gently heateil to faoiUtate 
.the decompcMdtion. When the ferric 
phosphate is considereil to be com¬ 
pletely decomposed the insoluble 
> -ferric sulphate is separated from the 
« splfttioQ contuning the phosphoric acid 
and excess cd sulphuric add by means 
oi a filter-press. filtr^ will 


be found to contwn nearly all the 
phosphoric add in a free state, togetlier 
with the excess of sulphuric acid, from 
which it may lie separated by the aid 
of beat; the sulphuric add being 
driven offi and condensed, loavit^ the 
pliosphoric acid practically pure, or 
the solution containing the mixed adds 
may be used in place of ordinary sul¬ 
phuric add for making super-phos- 
pliate of lime. The iron sulplute 
precipitate after being washed with 
sulphuric acid may be decomposeil by 
lieat ipto ferric oxide and fuming sul- 
I»huric acid, or it may bo mixe<l with 
salt and heated to form sodic sulpliate. 
In some cjises, when there is no lime 
in the slog employed (os when treating 
puddlers’ cinder), the phosphoric acid 
is thrown down as a mixed ferrtms and 
ferric phosphate by means of lime 
without previous oxidation, tmd is then 
dried and treated in the same way as 
ferric phosphate. 

Casting-Beds. —In the Siegen dis¬ 
trict, Belgium, granulated sl^ is used 
for casting-bods, and gives clean pigp, 
preferred by the puddlers even to those 
cast in iron moulds. 

Cleveland Slag Works. — In 
works where so many specif manu¬ 
factures bive been developed the 
arrangement of the building — the 
design, positktn, and, working of the 
niacldnory at present used — must 
necessarily liave been arrived at only 
byhtu’d-earpedexperieure. Thelmihi- 
ing is constructed of slag-cement con¬ 
crete throughout; the main building 
has four floors, the size of wliich is 46 ft. 
by 63 ft., whilst the sl^-sand stores, 
gantry, engine-house, lime-house, etc., 
occupy 97 ft. by 47 ft. The slag-sand 
is brought from the blast furnaces in 
large wiKslen railway trucks, bolding 
between 7 and 8 tons each, and is run 
up an iucUue by the locomotive into a 
gantry. The liottom doors of the 
trucks are opened, and the sh^-sand 
is dropped or emptied into hoppers 
below. These hoppers are capable of 
holdii^ about 600 tons of sl^-saud, or 
storage enough for one week fen* three 
loacldneB, anditBhould be kept con- 
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Htantly filleiL Fnun tlirao }iopj)ers it 
in drawn iutu lopge wheel-liorrowa, and . 
is taken up by a double^witing hoist to ■ 
the top of the building. This hoist is ‘ 
driven from the main shafting in the 
mill, and is worked by two belts, one 
crossed, the other open, for the pur¬ 
pose of reversing the cages. The cages 
can be mode to stop themselves at any 
floor, and have a self-acting brake to 
prevent any movement of the eages 
after the straps are thrown off, the 
action being most simple and effectual. 

The sand-barrows are taken.from 
the hoist at the top of the building 
through a passage, aud tipped into the 
hopper which supplies the brick- 
presses. Selenitic lime is fed into a 
small hopper, by hand, from a chamber 
or floor above. At the bottom of 
these sand and lime hoppers are the 
measuring apparatus, which accurately 
measure both the lime and the sand 
in the proportions necessaiy. FVom 
the meMuriug drums the material falls 
upon sifting and mixing apparatus, 
from which it falls through the floor 
mto the bnck-press. This press has 
been designed especially for the pur¬ 
ine, and has many new points. It is 
of immense strength. The pressure is 
two cast-steel can^, which 


wall 

are taed upon a forged steel sliaf 1 71 in 
m (tometer; this shaft,' resting on 
beings between two strong frames, is 
put in motion by very powerful doublo- 
spur-wiftels, the first motion 
« havmg a heavy fly-whocl upon it 
to Bte^y and equalise the pull upon 
v*** pressure cams act 
^nst rollers fixed upon two steel cv- 
Imders or rams. These rams transmit 
tho 

mWe. The table is circular and oon- 
SIX poire of moulds, so that four 
bneks m pressed at one time, the table 
lining stationary during the opera- 
»n. At the same time the bricks are 

^ revolution of the cam shaft. The 
bneks are pushed out ofcUe mould by 


smaller piskms, which arc imted upon 
by separato cjuns. The moulds arc 

, . bhangeable stScl plates 

A m. thick, and tlie sand and lime are 
fed into two pug-mills. , These pug- 
mills are fitted with six knives each, so 
as the more thoroughly to mix 
chop the spongy slag with the lime, 
the table is shifted round by a kind 
of ratchet motion, Immcduitely above 
tlie pressure-cylinders aretwo pressure- 
stops, which are held down by the 
hwy-weighted levers. These levers, 
therefore, receive the whole pr^ure 
put upon the bricks ; aud in case there* 
shoulfl be too much sand getting into 
the moulds, they simply lift up and 
relievo the strain. 7’ho weights can 
bo weighted at option, and thus form 
an exjwt gaug^ of the pressure upon 
the bricks. The moulds are generally 
hUed so as just to lift the levers in 
ordinary work. The filling is easily 
regulated by the set of the knives on 
the pug-shafts, which press the mate¬ 
rs into the mould, and one side of 
the pug-mill cylinder is made to open, 
so that the knives are accessible at any 
moment. 

The pug-mills are filled by means of 

measuring and mixing apparatus placed 

on the floor imir>ediately above the 
brick-press. The mixing and measur- 
ing apparatus is very simple and 
eftcieut, and works without trouble. 

slag-^d is tipped into a hopper 
by large barrows, which are lifted up 
by a hoist. At the bottom of fhja 
hopper there is a revolving cylinder 
with ribs cast upon it, which, revolving 
undOT the hopper, carries a certain 
thickness of sand, previously regulated 
to the requirements of the press. The 
slag then falls upon a, sieve, which 
sepirates any large pieces in a solid 
state, and at the same time allows the 
sand to fail through the sieve like a 
8howei‘. The lime is fed into a sepa- 
rate hopper, and is regulated by a 
feed-roller of smallw size; it passes 
down a shoot, which forma part of the 
si^-sand sieve, where it meets the 
shower of sand, falling together with 
It—thus getting thoroughly mixed. 
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#1 thfi right siAc of the slag piantry ' 
a»d hopjx^rs is the iiiili for preparing 
the selenitic lime. Tike lime, after 
being ground under edge-runners, is 
pass^ tlu^mgh a sifting apparatus, the 
wire of which has 24 meshes to the 
imA; it then falls into a hopper, i« 
taken by barrows through a passage 
to the hoist, and lifted to the lime 
clkambor before mentioned. In a line 
with this mill, and |)aral]el with the 
slag gantry, are the shires for the lime, 
gypsum, and iron oxide; whilst behind 
the lime-house are the engine and 
boiler. 

The hardening-shods are tliree in 
number, and should lie each about 100 
ft.by40ftv Thcfloormustbeperfectly 
smooth and level, os an uneven floor 
spoils the bricks. The sheds should 
Imve plenty of ventilation, and require 
to be cool in summer. Qreat care is 
necessary in stacking these bricks; os 
they come olf the liairows, they are 
placed on edge quite close together, 
and stacked six in height, and when 
once here in position there is little or 
no loss afterwards. 

Slag-‘Wool {Min&ral HW, or 
*SUiecUe Cotton.}-^a) The following is 
extracted from a lecture delivered by 
Fredk. M. H. Jones. 

When first commencing the raanu* 
&cture of slag-wool in this country, 
the material was blown direct from the 
iron furnaces, that is to say, we tapped 
the iron furnace at the reverse side of 
tl^t where the iron issues to be con¬ 
verted into pig-iron. The stream of 
slag was blown upon by a steam blast 
throi^h a jet, mid the fibres were 
blown into a large receiving chamber 
where a portion was b^^ up and 
sent off to the market, the b^ance 
being converted into sheets or slabs. 

The output by this meaim was some- 
whAt limit^, as space in the immediate 
vicinity of the iron furnaces was valu¬ 
able, and as the demand for the mate¬ 
rial increased, we had to take a leaf 
ou4 of the book of our smart American 
oousiDS, in whose country the market 
is much larger, and we to forsake 
the large iron furnaces for the Cupola 


system. This system consists of feed¬ 
ing a cu}K)la funxice with miiierals from 
the top; the fuel employed lieing 
washed coke. The coke and are 
thrown into this cupola in alternate 
layers, with a certain qimntity of other 
minerals which a^ist in bleaching the 
fibre, and cause a fluidity of the mate¬ 
rials. A blast is required in order to 
secure the nece^ary heat to cause the 
mass to melt. As the fluid stream 
issues forth from a tap hole at the 
bottom of the cupola, a jet of steam is 
brought to bear on the stream of 
molten mineral, and is blown into a 
receiving cliaml^r, in exactly the same 
manner as I liave already referred to. 
1 should here mention tliat iron melts 
at a temperature of 1992° K., but 
slag requires a considerably greater 
heat, about 2.500°, to enable it to 
fluidify. The material is to all practi¬ 
cal extent and purposes acid proof— 
that is to say, it can only lie affected 
by very strong chemicals, not met with 
in a general way. The fibre is prac¬ 
tically everlasting; having passed 
through a furnace, any trace of or¬ 
ganic matter which it contains lias 
been quite destroyed. 

Befwe proceeding to dilate on the 
numerouB ub«j to which sl^-wool is 
put, let me jnquire into its non-con¬ 
ducting properties, fln the first place 
I may mention that 1 cubic foot of 
slag weighs 150 lb. avor., but when 
this single cubic foot m slag is con¬ 
verted into slag-wool fibres, it has 
^ways been held to measure as much 
as 12 cubic feet at least, so you will 
see there is held in suspense fully 11 
cub. ft. of MT to the one cub. ft. of slag. 
This clearly shows the remswkable 
air-harbouring value of the mateiial. 
To clearly demonstrate my meanii^ 
here is a little block of slag, weighing 
precisely 8 lb., and here is the same 
article Iflown into 8 lb. .of slag-wool. 
Well, no one will say that tins lump of 
slag is a non-conductor. Why t 
Bemuse it is a dense, solid body, 
Equally, you will all agree that slag- 
wool is the of non-conductors. 
Why ? Bf/’.aufie it contains 11 parts 




117 


Slag : Slag-Wool 


of confined {ur-cells, to 1 part of stony 
fibre. In fact it is a cliaractcristic of 
slag-wool that tlie fine •glassy fibres, 
which compose it, lie transversely and 
interlace eacli other, forming myriads 
of tiny air-cells ; and it is a scientific 
fMt that confined air has no rival as 
a non-conductor. 

To proceed with the advantageous 
U8(^ of sl^-wool it may be mentioned 
that the material is largely cmploye<l 
in connection with engineering aiul I 
allied trades for a variety of purposes, 
such as 

Covering boilers, stearnpipes, cylui- 
ders, etc., in order t<) avoid loss of heat j 
througli radiation and consequent loss ' 
of fuel. 

Lining bulkheads uptakes, refrige¬ 
rated holds, etc., on l)oanl ship; and 
for lining refrigerator cars and loco¬ 
motive boilers on railways. 

Lining gas cooking stoves, in order 
to economise tlie consumption of geui. 

Lining inculutors. 

Covering water mains and other ' 
pipes to-render them proof against' 
severe frost, etc. i 

Froilproojinff. —The protection of ex-' 
posed cisterns in I/>ndou used to neces¬ 
sitate the use of considerable (quantities ^ 
of non-conducting lining, bpt thecom- 
I^rativc mildness of the climate now, ' 
combined witlk the modem regulations ' 
concerning the q>ositioD of these vessels, 
hm grt'atly reduced the demand for ! 
any soit of'khti-tb^mal lining. 

Ueaiproojint). —Let us consider this 
as, perhaps, next in importance to 
frwtproo^g. In the United States of 
America, where extremes of climate 
arc more prevalent than in our own, 
there is greater demand for anti-ther- 
uiai lining for buildings of every 
description. In those States, long 
periods in the summer with the mer¬ 
cury aveniging 90 degrees B'ahr. are 
experience, whilst in the winter, they 
liave loi^ spells with the thermometer 
registering several degrees below aero. 
This is where slag-wool, as a non-con¬ 
ducting lining for roofs, is highly 
appreciated. 

Notwithstanding * the temperate ; 


mirture of our own climate in recent 
years, 1 have had many testimonials 
from the owners of shooting boxes, 
etc., who have exi^cricnccd the advan¬ 
tages of slag-wool as a medium for 
keeping buildings warm’in winter and #' 
cool in summer. The material has 
been found of great Use in lining^^e 
nM)fs of bedrooms in attics and nur¬ 
series, as well as of factories. Ownere 
of the latter testify to the conditions 
under which workmen have been 
enabled to carry out tlicir doily work 
without being aJieetod by extremes of 
temq>erature, and this is of greater im¬ 
portance tiian at first sight might 
apq)ear. No one knows better tham a 
works man^r to how gr^t an extent 
a spell of troiucal we(»ther in tliis 
country affects the turn-out of manu¬ 
factures, but not all know how the 
loss may be greatly diminished by a 
slight expenditure on, say a one-inch 
lining of slag-wool. 

The advaut^es of slag-wool as an 
anti-thermal lining for buildings has, 
perliaps, been more appreciated in our 
Colonies and abroad tlian in our own 
country. Tlxis is, in a great part, 
due to the fact that in the Colonies, 
corrugated iron and similar structures 
are more in vogue, and everybody 
knows that there is no more pernici¬ 
ous material for absorbing heat or cold 
tliau iron, it being an ideal conductor. 
Ordinary roofing felt is frequently em¬ 
ployed for lining the inside of such 
structures, but 1 suggest that the thin¬ 
ness of tins mateiM renders it practi¬ 
cally useless for tlie purpose. 1 can 
only assume that this practice is due 
to misundemtanding. 

Hair felt is admittedly a very good 
non-conductor, and really suitable for 
the purpose, but for its objectionable 
habit of encouraging moths and other 
vermin. Slag-wool, beii^' an inor¬ 
ganic substance, does not qtosseas tiiis 
serious disadvantage, and it also lends 
itself to being employed at greater 
thIcknesBea tliau felt, at a much less 
coat. * 

Whilst on the subject of the preven¬ 
tion of the radiation of h^t. Slag- 
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wool has been tiaed for lining walls of 
rooms which back on to fireplaces in 
adjoining houses. The heat, radiating 
through the walls, injures pictures, 
and the passage of heat often causes 
other inconveniences in adjoining 
roj^s. There are numerous other 
uses to wiiich silicate cotton may be 
put in buildings as a preventative 
against conduction of heat; for in- 
stance, as a lining for hot air ducts 
jiassiug along {Kissi^'es, covering hot 
watoi’ [ii[io.s, etc., but such uses readily 
suggest themselves to pnuitioal minds. 

Ould Stornffc ImuJathn. —Slag-wool, 
as a lining for refrigerating cliamljers 
in cold storage structures, illustrates 
the value of it for arresting the passage 
of heat. The cold storage movement 
has been booming in this country for 
some years i>ast, and practically every 
town in the kingdom has its cold air 
store for the accommodation of perish¬ 
able products. The cold which is 
necessary for the preservation of the 
goods is produced, of course, by means 
of refrigerating machinery, but were 
the surrounding walls of the cliambers 
not well insulated, the warmer outside 
air would be constantly finding its way 
mto the chambers and nullifying the 
work of the machines. For this reason, 
an efficient non-conducting lining is as 
essential for the economical working of 
the establishment os good refrigerating 
macliinery. 1 can ^ely say that 90 
per cent, of the principal cold air 
stor^ in this country are lined with 
slag-wool. 

Sotmd^roqfinrf.—So far as its applica¬ 
tion to buildings is concerned, I class 
the subject of the prevention of the 
passage of sound, or the muffling of 
sound, as the mcMit important. Al¬ 
though the success which has attended 
the use of silicate cotton and the ex¬ 
tent of its employment are very grati¬ 
fying, 1 must ^nkly say that there is 
■till abundance of scope for architects 
an4 builders to interest themselves 
mtire than they do dn the subject of 
Bouuu-deadening. The general adop¬ 
tion of thick concrete floors in London 
buildings may have, td a great extent, 


spfU'cd fuxihitects the necessity of con¬ 
sidering this matter. There is no 
doubt that such flours muffle sound to 
a considerable extent by reason of 
their thickness, but the fact is, the 
great cost of such floors render the 
^ditional use of soundproof lining out 
of the <]uestion. 

Sound is carrie<l by walls from one 
fl(K)r to another, in almost iis great a 
ratio as through floors, and the study 
of how to souudpi'oof a rcsmi reiiuires 
some cuusidenvtion, much do[icndiug 
on the dilfcrcut circumstances of the 
structure, and as to whether sound¬ 
proofing or merely sound-deadening is 
required. To me, there is a distinct 
difference between “sound-deadening ” 
and “soundproofing." Ordinarymor- 
tar pugging, which is, |)a'haps, em¬ 
ployed to a greater extent in lietter 
claw buildings in Scutlaud and the 
North of England than in the South, 
serves the pur|K>He of souudHleodenii^ 
fiurly well, but it i)ossesses ceriaiu 
apparent drawbacks in being applied 
in a wet state. Slag-wool is ^ways 
applied diy for this purpose, and the 
possibility of dry rot resulting from its 
use is, therefore, al)seut. Slag-wool 
also possesses the power of breaking up 
and absorbing sound-waves in a great 
d<^p*ee, and k, at the same time, meets 
the other reciuiremenU of durability, 
reasunahlecost,and hygienic properties. 

In the (»8e of sound-dcodcning a 
partition by packing h^se slag-wool 
between the studding, strips of hair 
felt may be used with advant^e to 
line the studs on the outside. The 
use of such strips of hair felt on the 
top of joists is, however, of practically 
no value, as Uie weight of the floor- 
boarding crushes it to such an extent 
as to cause it to lose its resiliency, 
and its sound-wave absorbing proper¬ 
ties. 

Everybody knows how Uie study of 
sound-preventing has been neglected 
in the past in the construction of that 
comparatively mcKiem institution, the 
dwelling flat. This neglect is in great 
d^ee the causg of the avereion with 
wMch many people view such build- 
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ingB. There in little, if any, excune 
for the neglect T refer to. In these j 
days of ^vanced civinBatlon, that I 
which some years ago was considered ; 
a luxury is considercil nowadays ^ an | 
actual necessity, and it seems strange 
that so little ailvancement has liecn I 
made in soundproofing flats. The 1 
trifling cost whicli would atteinl the | 
free use of slag wool for tlie pur|M)sc 
would prove a good investment to the 
landlord. 

Where the value of sliig-wool as a 
soundpnKiflng luediuniapitcars to^have 
tieen most highly appreciated is in 
colleges, music schools, dancing aca<lc> 
mies, concert lialls and hospitals. 

In many of those [ilaces in London 
alone silicate cotton lias given most 
iQ^riiorious results. For instmice, the 
divisional widl lietween (Queen's Hal] 
and St. Geoige’s Hull, Tjaiighani Place; 
the Iloyal Collide of Music, Kensing¬ 
ton Gore; Cavendish Itooms, Morti¬ 
mer Street; Iloyal Organ School, 
Princes Street, W., etc. 

Tjoosc slag-wool is generally used | 
for muffling sound between floors by 
laying rough sound-boanling, resting 


plaster slab is finished off in the same 
manner as an ordinary fibrous plaster 
slab may lie treated, Noting extra- 
ordinaiy in the way of timbering is re- 
(juired, ordinary joists^ or uprights 
fixed at the usu^ distances apart 
sufficing. ^ 

The applittttion of’ slag-wool in a 
rtHiin in no way injures the acoustic 
pn>perties of the s^nce, in fact, the 
very reverse effect is experienced. 

One cannot help sometimes feeling 
amazed at the assurance of somemanu- 
fiicturers who claim sound-deadening 
pro])ertics for structural materidls in 
buildings which liave nothing of an 
air-hat'bouring nature in their con¬ 
struction, in fact, any cavities which 
would hold still air in suspensiou 
wou]d|be a detriment to the structure, 
inasmuch as it would weaken it. Such 
claims are generally a poor compliment 
to the intelligence of the individuals 
to whom they are supposed to appeal. 
It is the air-horljouring propensities of 
sk^'Wool which endow the <ux:umula- 
tion of its fibres with a sound-deaden¬ 
ing virtue, which is iK»t to be found 
to the same extent in any other 


on fillets fixed tt) sides of joists, and j 
aljout in. from top of joists. The 
s|>ace between the sound-bonding and 
the top of joists is packed firmly at 
hand pressure ivith the loose material, 
and thou the floor-boarding laid on the 
top. Wliilst this system of deadening 
sound |k>sscssIb many ad^'antages over 
others, a certain percentage of sound 
must necessarily Ijc conveyed by 
means of the wooden joists themselves. 
A complete insulation of sound can, 
however, be secured by the adoption 
of a sheet form of silicate cotton, for | 
inshmoe, combined slag wool and ; 
plaster slabs. These slabs consist of i 
sheets of plaster with an internal j 
layer of 20’gauge galvanised wire net-; 
ting, and padded with a one-inch 
•thickness oT silicate cotton, held in : 
position and secured by means (jf 
another sheet of wire netting and soft , 
wire. These slabs are secured to 
timber joists or uprights by means of : 
3-in. u^s, and the*keyed face of 


building matcriid w'liatevcr. In closing 
tbesubjoctof sound-deadening, I might 
here relate a rather funny incident 
which occurred some years ago. An 
architect specified slag-wool to be used 
for pugging floors to deaden sound. 
We know approximately the quantity 
wliich would be needed from the figure 
of the superficial area in our posses¬ 
sion. In due course the builder sent 
along an order for one cwt. of loose 
silicate cotton to be delivered on the 
job. I subsequently called to ascer¬ 
tain when the balance might be re¬ 
quired, but the builder’s representative 
informed me that the bag sent would 
1)0 quite sufficient. My curiosity was 
aroused, and the gentleman fmnkly - 
Hho\i'e<l me the process of application. 
Guess my surprise when I found i 
man crumbling the fibre between his 
bands, and sprinkling it on the t<^ of 
the joists like powder. 

Firq>ro({iing.-~U I treated the sub- ^ 
ject in anyth^ like the manner and 
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at the length which it deserves, it demonstrated what damage can be 
would be taking too much time. I done by the twisting and ucmtortion 
therefore confine myself very briefly of the girdeh influenced by excessive 
to this part of my paper. I have heat. As a matter of fact, some classes 
already explained to you that slag, of of wood are much more flre*reaiBting 
which sl^-Wool is practically consti* tlian iron or steel. The Are causes a 
tuted, can only be affected by heat at charring of the beams, or, in other 
a Temperature bf aliout 2500°, which words, envelopes the body of the 
is alxiut 600° in excess of that at beams with a non-conductii^ lining 
which iron melts. This ^t, alone, of charcoal. Therefore oxygen cannot 
explains to you at once the great Are- penetrate, and without oxygen we 
resisting power of slag-wool. Were cannot have combustion, 
slag-wool capable of being converted (5) Of Lite years iron-founders have 
into a structural materi^ the Aeld made so many improvements in the 
for utilising it would practically be j extraction of iron from the ore that 
unlimited, and concrete, wliich is the ■ the slag has lost some of its value for 
predominant AreprooAng agent uowa- mineral wool, and the wool is now 
days, would fall into comparative made from the slag heaps of former 
disuse. years with lietter results. The slag. 

We have, therefore, to content our- when delivered at the works, is broken 
selves making use of slag-wool in into 4 lb. to 8 lb. lumps, and is then 
the various slab and sheet forn^ for elevated to a platform by an endless 
randering roofs, floors and partitions belt carrying ^ckets. From there it 
Areprouf, and also as a non-conducting is fed into the top of a cupola with 
protection for steel and iron girdera. about 12 per cent, of limestone and 
Rather an unfortunate id«k previses 8 per cent, of sandstone. The lime- 
the building trades that a timlter floor, stone is added to give the wool its 
rendered Areproof by means of one of white colour, and the sandstone helps 
the slab forms of slag-wool which 1 to make it light and fiufiy, as the sl^ 
have before me, is too expensive os by itself is glassy and rather heavy, 
compared with concrete atid iron, but It takes about two tons of coal and 
such is really not the case. A floor over a ton«of coke as fuel to every ten 
fireproofed by means of slag-wool tons of the rock mixture. The throe 
renders the joists, if perchance they heating cupol&s are about 4 ft. in 
happen to be iron or steel, proof gainst diameter inside, and nearly 7 ft. out- 
the effects of fire, that is to say, when side, as they are built of h^vy iron 
the underside of floor is subjected to and lined with Arebrici. They are 
extreme of h^t, in the case of a from 12 ft. to 18 ft. high. An air 
conflagration, the heat ctuiuot pcesibly pipe about 10 in. in diameter encircles 
transmit itself through sl^-wuol and the base of each cupola, from whidi 
cause the dangerous and fatal tendency tuyeres about 3 in. in dimneter lead 
of the structure to warp and splinter, into the base of the cupola. 

Apart from the economy tl^t may A layer of wood is followed by a 
be effected in the construotioD of fire- layer of cc^l and coke, then a layer of 
proof buildings, such as fiats (and the rock mixture. More coal and 
might I here mention country man- another layer of rock having been 
sioDs, in which there has been quite placed in the cupola, the fire is started, 
an epidemic of Ares lately), a sound- and an mr blast with a pressure of 
proof building is at the same time from 3 lb. to 5 lb. per inch is forced 
secured, audio these days, when cheap tlirough this mass, soon heating and 
luxuries are so much sought after, fusing it. Wlieu it is in this state a 
this Advantage is of great importance, small opening is made at the Ixise of 
The great fires in St. lihuy Axe the cupola, and a stream of the fluid 
and Gripplegate a few years ago clearly mass, as thmk as Aie stem of a clay jape, 
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is allowed to run out. A steam-pipe i 
with steam of 90 lb. has a suits’ le I 
opening about a foot lielcw the bast, of I 
the cupola, and a few inches from the 
stream of melted rock. A valve behjg 
opened, steam rushes out of the pipe 
with great velocity, encounters the 
stream of glowing liquid, anti carries it 
along with it in a rush. The steam- 
jet and the flow of the rock are ad¬ 
justed with such nicety by the atten¬ 
dant that none of the liquid drops to 
the ground, but all is caught up by 
tlie steam and whirled into the blowing 
cliaitiber, where it fulls by its own 
gravity. The blowing chambers are 
oblong rooms 20 ft. to 30 ft. wide, 
twice as long and about 20 ft. high, 
and such is the force of the jet of 
steam that the finer wool is blown to 
the extreme end of the room, the 
heavier and coareer settling down 
nem^r the entrance. Having thus 
been automatically graded, it is packed 
in bugs for domestic use or pressed 
into bales for export. The liags weigli 
from 35 lb. to 55 lb., according to 
quality, and the bales weigh from 
150 lb. to 180 lb. When running 
with a double shift working from 18 
to 20 hours the capacity of the works 
is about 10 tons per day. ^ 

The uses of mineral wool are so many 
that the supply^ hardly ever equal to 
the demand. It is used for packing 
around boilers, furnaces and pipes to 
retain heat, aiiiS in other pluc^ to keep 
the frost out. It is used in buildings 
between the walls and in the ceilings to 
deaden the sound and also to retain 
beat. During the recent coal scarcity 
in America it was put to a new use, a 
wire cage being packed with the min¬ 
eral wool, which was then impregnated 
with kerosene and used aa fuel in 
heaters or stoves, and as it is incom¬ 
bustible it would last indefinitely. 
(’ Ameiican Machinist.’) 

(c) As carried out by Wood at the 
Tees Iron Works the process is exceed¬ 
ingly simple. A jet of steam is mode 
to strike upon the stream of molten 
slag as it flows from the usual spout 
into the slag w^uns %r b^pes. The 


steam scatters the slag into shot. As 
each shot leaves the molten stream, it 
draws out a fine thread, just in the 
same way as when you touch treacle 
lightly with the finger—if you lift it 
up you will see a fine thread attached. 
The consistency of molten slag is not 
unlike treacle ; each ^ot mokes a ?ne 
thread which, losing its heat, becomes 
set like glass. The shot being heavy, 
<lrops to the ground, but the thread is 
sucl d into a large tube by an induced 
current of air caused by the steam jets, 
and the wool is discliargcd into a large 
chamber. The finer qualities float 
about and settle near the outside, 
whilst tlie heavier or larger fibres lie 
chiefly in the centre of the cliamljer. 
After each blowing the chamber pre¬ 
sents a most remarkable and curious 
as weil as a l>eautiful appearance. 
The wool is of snow-white colour, and 
attache itself to the ridra and roof, or 
to anything which it can touch, in the 
same manner as a light fall of snow 
does in calm weather u})on every tiny 
twig of a leafless tree. The wool is 
taken up daily with forks, and put 
into bags for sending away. It is prin¬ 
cipally used for covering boilers or 
sl^m-pipes, for which jturpose it is 
peculiarly a^pted, os being a s^dendid 
non-c»nductor of beat, and incombus¬ 
tible. About 4 tons of this wool is 
produced per week, and as only | cwt. 
is made firom each ton of molten sl^ 
operated upon, the process is not a 
veiy rapid one. 

^peated bursting of hot-water pi|)es 
encased in slog-wool induced Professor 
T. Egleston to examine into the cause. 
The results he obtained are set forth 
in the following abstract from his paper 
on the subject before the American 
Society of Civil Engineers. 

Slag transformed into wool does not 
difler in any respect from slag in a solid 
condition, except that its fibres be¬ 
come interwoven. It occupies, when 
not compressed, a maximum volume 
for a minimum weight, and thus re¬ 
tails a very large quantity of air. Tlxis 
is its only value : it is the air and not 
the b 1^ which is required. The only 
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value of the slag is ita capability of 
holding this air when it ie not com¬ 
pressed ; when it is compressed, it has 
very little more value than slag in its 
solid form. This compression may lie 
caused by the saving of the pipes on 
it^f only the envelope and not the 
pi^ ia supported, or by its liecoming 
s(^ed with water, when it mats to¬ 
gether, water takes the place of the I 
air, and it ceases to be a non-con- I 
ductor of any value. Its great value is | 
in its very fine fibr^, but it is precisely 
tlus quality of fine division which makes 
it most dangerous, for in ( his condition 
it is most easily attacked by organic 
acids, alkalies, or moisture, which not 
only decompose it, but render the 
pipes liaHe to attack. Even the com¬ 
mencement of decomposition causes it 
to 8^ and settle. 

It would seem, therefore, that 
mineral wool, if made from slags con¬ 
taining sulphur, is, under cerhun 
conditions, a dangerous material. In 
one case of explqsiun, the moisture 
undoubtedly came from defective 
joints, which are likely to belong to 
any other system. In tlte other and 
more dangerous one, this moisture 
was that of condensation; and as it 
was not expected, every precaution 
having been taken against it, it is by 
far the more dangerous one, as it would 
not be looked for, while every joint 
would from time to time l)e visited. 
In any system, moisture is likely to 
come from rain or snowleaking through 
the envelope, where the pipes are ex¬ 
posed above ground in the open air, or, 
when they are below ground, from 
drainage water,and, in both (Ases, frnm 
condensation, due to sudden coolii^ or 
too sudden heating of the pipes. The 
effects produced are likely to be all the 
greater in intensity as the pq)e8 are 
hotter, this facilitating the li^ration 
of the sulphuric acid, which produces 
a farther decomposition of the slag, 
and keeps setting free new iJortions of 
ai^d to further decomp(»e the and 
attMsk the iron. The moment the 
silica commences to assume the gelatin¬ 
ous cundifion, the other constituents 


of the slag are set free to attack the 
pip^, and unless the leakage is found 
and stopped an accident ^ia sure to 
happen. It seems, therefore, a wise 
precaution, when this substamce is 
used, to employ it only where leakage 
is not likely to occur or moisture to 
collect, and to carry the whole system 
above ground, under cover ; or, when 
it is necessary to carry it below the 
surface, to have all parts easily acces-' 
sible, so that it may be carefully 
examined from time to time. Beneath 
the ground, wliere it cannot be exa¬ 
mined, it liecomes a real element of 
danger. Kept free from moisture, 
mineral wool is one of the best and 
cheapest materials that can be used for 
covering steam pipes. To employ it 
successfully it must not become 
packed, for then it loses its non-con- 
ductive power. When it becomes 
moist, it pocks; and if this moisture 
and packing are continuous the slag 
is attacked, Ulieratiug its dangerous 
elements to act on and weaken the 
pipes. 
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Smithy Tools, and 
Their Uses. 

Smiths* Work.—Though none 
hut a professional smith could ho|)e to 
undertake elaborate works in wnmght 
iron and steel, yet many simjile jobs 
can be done with a very miMleratc 
amount of practice, such as the l)en<b 
ing, drawing down, ujisctting, sliaping, 
and welding of tlie plainer kinds of 
work. 

In a smivll shop an ordinary forge 
would be rather cumbersome. Hence 
one of tlie small portable forges would 
Iw prefemblc to a mass of brickwork 
an(i iron, if it were not for the difficulty 
of carrying off the smoke. If tlie foii?e 
is to be in a dosed building, there 
must be a hood and chimney. If, on 
the other liand, it could be placed 
without the building, protected by a 
lean-to roof, a portable rivet or similar 
forge would be lighter ainl leas expen¬ 
sive. The circular liellows in Fig. 72 
are either of the single or the double 
blast type, the latter giving a cqn- 
tinuous current of air, but being also 
the more expensive of the two. Forges 
with 16 in. bellows are the smallest 
made, and either these or 18 in. would 
be the handiest for a sinhll slio]). A 
liglit framework of bar iron supjiorts 
the circular hearth. The cii*cular 
bellows (U% ciul'ied beneath, and are 
worked by the handle, levers, and 
rocking sh^t, the blast lieing conveyed 
througli the bend pipe into the bock 
of the hearth. 

The ordinary fixed forge is built of 
brick or stone. The heartli bricks 
simply encl(.«e a hollow space which is 
filled with cinders, and upon which 
the fire is laid. The hearth back is of 
brick or stone, faced at its lower por¬ 
tion with a plate of iron, through which 
the tuyere pa^i^, and pierced at its 
uppOT portion with a 8(;[uare hole 
leadingintothe chimney. Thechimney 
ne«l not be long, ite function not 
being tlie production of blast, but only 
of a sufficiency 6f drauglA to lead away 


the smoke. The face of the hearth 
for a few inches inwanl from the edges 
is usmUly covered with a sheet of cast 
or wrought iron, for the sake of pro* 
tection to the bricks. Two trouglis 
occupy the fnmt of the forge—a coal 
bunk, and a slake or,water trough, 
the two often lieing made in one cast¬ 
ing. 

About the clieapest forge wliich can 
lie made is that shown in IV* 
and one which any amateur could con¬ 
struct at a low cost, and with very 
little trouble. It can be employed 
out of d<K)j*s, or placed indoors under 
a lKH>d and ag:unst a wall lemling into 
a cliimney. Angle irons for the 8Uj>- 
porta, flat Uir iron for the horizontal 
stretcliers, and sheets for the hearth 
and coal bunk are all that are required. 
The bearir^ surface of the angle iron 
will keep the structure from rocking ; 
but if there is any tendency to un- 
stejidiuess when working the liellows, 
a diagonal brace on eacli framing will 
prevent it. The bhwt may be taken 
from long liellows placcil underneath, 
and worked by means of a lever handle, 
set conveniently lichind the hearth 
back, but keyed to a rocking shaft 
whicli moves in bearings bolted to the 
under side of the hearth plate. The 
rocking shaft pissing thus underneath 
to the fRiut of the forge actuates a 
lever and connecting rod, completing 
the connection with the Ixittom Imord 
of the liellows. Or the blast can be 
taken from a blower at the bock, eitlier 
with single or multiplying gear. A 
small forge of tliis type may measure 
out and out 26 in. long, 22 in. wide, 
and 30 in. high. The aisles may 
measure 1| in. x in. X | in,, the 
bar stretchers in. X \ hi., and the 
sheets about | in. thick. 

The supplyii^ of the blast is effected 
cither by means of liellows of circular 
or long pear-sliajied form or by fans or 
by blowers, and in these matters the 
pui'se and the convenience of the user 
would be consulted. Bellows aje 
worked by a handle and rocking staff, 
and attached to the forge, or distinct 
therefrom, according to convenience. 




124 


Smithy Tools ato Their Uses. 


A fan is preferable to bellows, aiid m 
worked by liand or foot, or power, but 
should be driven with multiplying 
gear to get up the speed. In factories 
a single fen worked by a belt from the 
engine supplies blast to a range of 
forges ; a throttle valve under the 
control of the smith regulatii^ the 
passage of the blast to each forge. | 
Numbers of small forges ore now sold ' 
very cheaply fitted with fens, or with 
Root’s blowers,so tliattlieold-^hioned 
leather bellows seem to be doomed to 
ultimate extinction. A small fan is 
shown in Fig. 74. Tlie cheeks, A, are 
of cast iron grooved to a liarc J in. 
deep, a, to take the strip of sheet iron 
or brass, B, which is cemented in with 
white lead and clamped together \^ith 
bolts 6 jjassing between the aides. Tlie 
fen spindle, c, is carrie^l in bridge-like 
bearings, I), Wted to the sides of the 
cheelu, and the fen itself is comi)osed 
of dished sides of sheet iron or tin, E, 
between which the vaneadaresoldered. | 
The dished sides are soldered to brass | 
rings, c, which run t^ainst the inner ' 
feces of the cheeks, The vanes or | 
blades are also solderetl to the curved i 
ribs /, on the central boss, made of I 
gun met^. The actual fen requires 
to be nicely balanced, owing to the I 
high speed at which it rotates. The 
fen sides are each furnished with a | 
central hole to admit the air. Instead | 
of fiat cheeks, two castings can be made ; 
with curved outlines, and bolted to- j 
^ther with a central outside flan^, j 
m the manner so familiarly known in 
foundry and other fens; but this means 
the making of two rather troublesome 
half patterns. The form of blade used 
in the common old-fashioned feai is 
shown in Fig. 75, but it is noisy. It 
is easy to s^e, the blades revolving 
within the outer casing, and as close 
to sides without actually touching 
them as possible. 

By mmtiplying gear, we mean some 
arrangement which the ^per 
s^ed of a fan can be imparted without 
excessivelabourat the handwheel. A 
h^d wheel driving direct to the fen 
pulley 1^1 do, but with multiplying 


gear smaller wheels and less work will 
otfcct the same results. The perspec¬ 
tive view |Fig. 76) illustrates this 
gear, the relative positions of the 
wheels varying as best ada]>ted to the 
foige itself, and, of course, a treadle 
can be substituted fur the handle. As 
drawn, the wheel A would be to one 
side of the forge clear of the hearth, 
its bearing being boltetl to the hearth 
I bjwk, the bearings of the other wheels 
being bolted to the stretchers under- 
ncjith the hearth. 10 in. would ))e a 
good size for the wheels A and B. 
Biwnls are preferable to ro[)eK running 
round grxwved pulleys, 8in<;e the latter- 
properly require tightening gear for 
j alterations in length due to tempera- 
' ture. 

i There is also the tuyere or tuc iron 
to be considere<l, its function being the 
, conveying of tlie blast to the fire. Tho 
I nose of a tuyere would rapidly bum 
' away, and does inevitably bum in 
time; but its destruction is retarded 
by the formation of a water chamlter 
behind and around it, a current of cold 
water being made to circulate by con- 
veption within a conical cylinder 
through which the blast pipe passes, 
the whole being attached to a 
cistern ^r “water bosh." Fig. 77 
shows this, the more modem type, in 
section, and* Fig. 78* a section of tho 
older tue iron, made either in CMt or 
in wrought iron. These are illustrative, 
however, of the tuyerls used for lar^ 
forges; but the small forges hero 
figured are not provided with a water 
tuyere, because they are not subject to 
so fierce a heat as those of larger 
I dimensions, and they are used inter- 
I mittently. The nozzle which receives 
; the blast pipe is, therefore, simply 
j thickened up in these cases, and the 
! boss piece is cast in one with a bock 
I plate, and thus bolted to the iiearth 
back, so as to be readily renewable, as 
in Figs. 72, 73. 

The firing tools are the poker (Jig.. 
79), the slice (Pig. 80), and the rake 
(Fig. 81). A fedle is also used for 
lifting water the slake trough for 
I the damping Sown of the fire. 
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The anvil (Fig. 82), of wrought iron, 
steel faced, is often supported at its 
proper heigh t—jdnmt 2 ft.—ona block 
of wood, having spikes driven in at the 
corners to keep the anvil in place. A 
much neater and better way is to liave 
a hollow sttuulard of cast iron (Fig. 83) 
finished with ledges for the anvil, and 
with holes at the sides for clearing out 
the scale and dust. Such a casting is 
easily made from a pattern by coring 
out, gives less recoil than wood, and 
looks neat. Anvils weigh from a few 
lb. to 4-5 cwt., one of 2 cwt. being of 
suitable size for light work. The 
conical end is callcil the beak," or 
“bick,” the steel top the “f^e,” the 
body the “core.” There is a square 
hole, or sometimes two square holes, 
in the face to receive tlie anvil cutter 
and the various bottom tools. 

Of the large number of tools of dif* 
ferent shapes employed by smiths, 
those which are in most constant re¬ 
quest are the hammers and tongs. 
After these come the different sets, 
swages, fullers, and fiatters. A smith 
who works alone is vastly more limited 
in the number of tools which he can 
employ than one who lias a striker to 
assist him. When a man is holding 
his work with the one hand and the 
hammer with the other, he cannot be 
holding top swages and flatters and 
sets as well. But when a two-handed 
Job is re<|uired, help can usually bo 
obtained. 

Of hammers tliere are two principal 
^ types, each varying in weight and 
shape, the hand hammer (Fig. 84) 
and the sledge (Figs. 85, 86). The 
former wdgha 1-4 lb., the latter 
about 4-14 lb. A liand Uammerof 2- 
8 lb. weight is useful for general work, 
the lightest hammer, a^ut lb., 
being chiefly used by the smith to iudi- 
cate tio his striker at which points to 
direct his blows, the heavier hammers 
'for (h»wing down and forging light 
' wqi'ks. The lighter sledges are* used 
'^d^Jianded," that is, for lifting and 
striking m ^ circular arc simply, over 
the work; ‘The heavier sieves are 
swung in a complete circle, or ‘‘about 


sledge." The luuidlcs of each c>f these 
hammers ai-e made of ash, well spr^ke- 
sluived, and’ smoothed with ^lass paper, 
and are wedged witli a single woo(l 
wedge, as shown in Fig. 87, wedges of 
wood being less likely to work loose 
than those of iron. 

Taking the ■various tongs in oi^er 
(Fig. 88), we liave A end B the flat 
bit tongs, having flat pandlei jaws, the 
vddth of oj)emng of tlie jaws being 
greater in the “ ojien mouth ’’ A tlian 
in the “close mouth” B—the former 
being used for thick, the latter for tliir. 
work, but each being similarly used 
for the purpose of gntsping flat iron 
lows and slieets. Tlie pincer tougs C 
are mmle in two fonns, the first being 
simply concave in the jaws, the second 
veedas sliown, the function of each being 
the grasping of round, square, or heic- 
agonal The hollow space liehind 
the jaws allows of collars Mid similar 
expansions on forged work being 
enclosed thereby. D are tongs of 
similar type, but more widely useful, 
because longer and more enlarged be¬ 
hind the jaws. The “ crook Ht tongs ” 
£ are very common, and axe made in 
various sizes, their {leculiM* shape per¬ 
mitting of a bar of iron passing down 
by the liandles, while the Up on one 
jaw serves to retain the bar in place. 
The “liammer tongs ”F grasp punched 
work, entering into the punch^ holes. 
The “hoop toi^” O are for boldii^ 
rin^ of thin metal, ’fl are “bolt 
tongs ” for grasping bolts or rings of 
round bar iron. 1J are two forms of 
“pUers,” the latter being in constant 
use for general light work, picking up 
light rc^s, punches, drifts, hardeniM 
and tempering tools, etc. KR “ hol¬ 
low bit tongs,” made in many sizes for 
holding rc^ of circular or other 
sections, wliile L and M ore “flat 
tongs,” two of the commoner modifica¬ 
tions of the last type, and also made in 
several sizes grasping flat bars of 
different widths and ’thicknesses. 
These embrace the principal types of 
tonp^, but, like many other tools, they 
rapidly increase in number, an^ a 
singto forge will have 20-50 pairs of 
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different sizes and in various inodidca- 
tions. 

All tongs are made to grasp their 
work by means of a “coupler” em¬ 
bracing the liandlcs or reins (Fig. 88 
H), and just tapped over with a ham¬ 
mer until they tighten themselves, so 
that tl^ smith, has only to turn the 
toi^ and work about, the coupler 
maintaining a firm hold of the jaws on 
the work. 

For cutting oflf l^rs, rounding edges, 
and rough dressing of forgings to 
shape, the chisels, or “sots,” and the 
gouges are employed. First there is 
the anvil cutter (Figs. 89a, 89b), whose 
shank drops into the square hole in 
the anvil, before mentioned. The 
chisel edge being therefore uppermost, 
when a bar of cold iron is plac^ across 
it and struck with the Ivammer, the 
bar b^g rotated the while, the ktter 
is nicked circularly, and may then be 
easily broken across the edge of tlie 
anvil, the fracture appearing of a 
crystalline character. The “ hot" and 
“cold” sets (Figs. 90, 91) are also 
chisel-like tools, the difference in these 
consisting in the angle at which they 
are ground, the “hot set” being 
ground thin, the “ cold set ” relatively 
thick, and lued, as their names imply, 
for cutting bars hot or cold. These 
are handled in a similar fashion to 
hammers, or on withy rods or rods of 
iron, the sketches indicating botii forms 
and the modes of handlmg applying 
indifferently to either. Tools like 
Figs. 92, 93, differ only in respect 
to their width and radii, their edges 
being curved to various sweeps for 
cutting corresponding outlines on red 
hot iron. Th^e ‘ ‘ gouges ” or “ hollow 
sets ” are struck % the sledge, the 
smith holding the tool l:^ the withy 
handles, while the striker directs his 
blows on tHe head. The bevel is either 
Inside or outside; and when cutting 
through a tluck mass of iron it is 
necessary to withdraw them occasion- 
'idly, and dip them momentarily in 
wsiter to prevent softening and loss of 
temper. 

B^des these there are a large num* 


ber of non-cutting totds of different 
forms. Chief amoitg these is the 
“fuller,” ured, as its name implies, 
for “ fullering ” or drawing down iron 
in a series of grooves, for welding, or 
for obtaining a flat suriace, or for pro¬ 
ducing a starting point from wmch 
to bend a bar. A “top fuller”'is 
shown in Fig. 96, A, a “bottom 
fuller” or “anvil fuller” at B, the 
latter resting by its sliank over the 
anvil hole, tlie former l>eing handled 
hammerlike, or by with%. The top 
fuller may he used while the bar resto 
upon the anvil face, or the bar may 
rest ui)on the bottom fuller and be 
struck by the hammer above, or the 
W may be drawn down between the 
top and bottom fullers, the upper one 
being struck by the sledge wMe the 
bar is moved into succ^dve poutiona 
until the iron is thinned or tapered 
by a series of grooves. The " nicking 
fullers ” (Fi^. 94a, 94b) are made in 
various sweeps, and they fulfil the 
Sivme purpose for circular shafts and 
rods that the others do for flat bars. 

To finish planesurfaces the''flatter ” 
(Fig. 95) is employed. This is also 
struck by the sledge, and flnishes or 
flattens f^e surhu^, removing the un¬ 
even rid^s and indentations left by 
the hammers and fullering tools. 

The “swages” form also a veiy 
lai^ family in themselv^, They are 
BO termed because by their agency 
work is “ swaged ” or dfawn down and 
made to assume definite outline corre¬ 
sponding witli the shapes of the swages. 
These are, therefore, dies in jBinciple, 
because the work can only assume tha 
shapes given to the swages, Being 
also used in pairs, one top, one bottom, 
they are commonly called “top and 
bottom tools. ” Some shapes are given 
in Fig. 96. A are bottom swages, 
that is, they fit ly their squme shwkg 
into the hole in the anvil face. The • 
shape of the corresponding top swages 
is seen at B. The ordinary shapes' 
are the htdf-round, the veed, and the - 
hexagonal, each b^ng requM in dif¬ 
ferent sizes. Fig. 97 represents a 
swage blodifoiti bnvier ch« of work. 
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the THiious sectional forms around its 
edges answering the purpose of bottom 
swages, It is conveniently' laid upon 
a cast iron stand, dmilwly to the 
anvil, on which stand it can also be 
laid flat in onler tliat tlic central hol^ 
shall fulfll the functions of ** heading 
took,” that is, of the tyiie of Fig. 103, 
for finishing the square shoulders of 
bolt heads and similar flat expansions. 
The to}i and bottom swages are fre¬ 
quently united hi one with a bent rod 
of iron, which 8er%’e8 to keep them in 
line, and becomes a convenient handle. 
They are then termed “ spring swages,” 
or “spring tools ” (Fig. 98). 

There are three m(^cs of handling 
tools employed by smiths. The first, 
just now r^erreil to, of wedging the 
hammer head fast in the shaft. The 
second, that made use of with some of 
the sets, goiq^es, fullers, and flatters, 
in which the handle is simply thrust 
tlirough an eye in the t(H)l without any 
attempt at wedgii^, the reason being 
that their constant and almost close 
contact with red-hot iron would cause 
wedges to work slack almost directly. 
Hence the smith, previous to using 
either of these tools, usually strikes 
the butt end of tlie sliaft on the anvil 
to tighten the head. Lastly there is 
the method of fixing by hacel rods. 
These are straight h^l, sticks about 
in. in diametbr, twis^ round the 
necks of the tools (F^^. 94, 96), the 
elastic wood praventing painful jarring 
and blistering or the liand of the smith. 
Before being bent, they are soaked in 
water and stcam^ over the fire, the 
op^tion beii^ alternately repeated 
until they m'e sufficiently pliable to 
bear bending and twisting, but not 
taking more than a minute or two. 
The parallel rods are united perma¬ 
nently by a coupler, and are never 
taken off the tools except when they 
noe<l renewal. Very often it is the 
practice to substitute iron ro<k for 
those of wood, as being more durable, 
the rods being bent In the same manner. 

A hook wrench (J^. 99) is used 
for giving a sl^^ht amount of tomion 
to flat lioxs while red ly)t, which have 


become twisted or winding m the 
process of forging. Fig. 101 mav be 
taken as a type of the punches wmch 
are employed for piercing holes throtmh 
red-hot iron, and Fig. 100 of the drifts 
for enl^gii^ and making them parallel, 
the work l^ing laid upon a bolster 
(Fig. 102) the while. . Fig. 103 isva 
heading twl, of which there are several 
sizes used for shouldering the heads of 
bolts and rivets, or any work provided 
with collars, though where a collar is 
welded or otherwise formed on the 
centre of a bar collar swages are often 
used in preference. 

As a simple example of the practice 
of forging, take the connecting rod 
(Fig. 104), one with a forked end 
being purposely chosen as being more 
complete fer purpose of illustration. 
This could Obviously be made by build¬ 
ing up—tliat is, the euliu'gements at 
the ends could be welded on a har of 
the diameter A ; or by swaging down, 
in wliich the diameter A would be 
lukmmered down from a bar of the 
sizes B or C of the larger ends; or 
by jumping up, where the ends would 
he l)eateu up or “ upset ” on a bar of 
diameter A. Or it can be made bv a 
combination of these jinroco^B if a W 
of medium dimensions only isavailable. 

Say we have a piece ci bar of the 
dimenrions A; we can get on very 
well with that. We build a fire in 
such a way as to obtain ' ‘ a solid core 
of heat "—that is, we have a certain 
portion in front of, but away at a dis¬ 
tance of a few inch^ from the tuyere, 
intensely hot, and for the time bdug 
open above, but flanked at back and 
front with two masses of wetted hard- 
caked smdl green coal or “slack,” 
which partially confine the heat (Fig. 
105), and form a reserve supply for 
the incandescent mass ; and the larger 
the forging the laiger the reserve of 
“stock.” Putting that portion of 
the bar which requires to be heated— 
in t-biB case the end—into the centre 
of the fire, cover it over with a mix¬ 
ture of stock and new coal, so as^to 
enclose it completely, localis^ the 
heat where required by keeping wet 
K 
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coal over the portion which is not to I of the bar; now ami then, also, it will 
bo heated. Then the blaet ia put on, | ho partly withdrawn in order to he 
and the heat is enclosed and intensified i sure that it^loes not get burned. The 
■around the bar. The bar, especially ' heat at which it should get taken from 
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hot, and just beginning to throw off 
vivid sparks. Boyond this tempera¬ 
ture it becomes burned *and spoiled. 
When the bar is at the white heat it 
is reinovwl from the lire Viy means of 
hollow bit tongs and transferred to 
the anvil, whence we will follow the 
procc^ through, remembering that in 
smiths' work the whole mauipulatioii 
must be foreseen from the beginning, 
and the tools all be at hand, so that 
there sliall be no hesitation and loss 
of time aiM heat. We wiU first su]>- 
fxwe that the hollow of the forked end 
is to be slotted out of the solid, and 
then, for further illustration, we will 
assume that the hollowing out is to be 
done at the anvil. 

While at a M’hitc heat we shall 
“ upset” the iron in order to obtain 
Bulficient breadth for the forked end, 
and to do this a short heat only will 
have to be taken on the end of the bar. 
Thus if the length of the forked por¬ 
tion C were 3 in., the end of the liar 
would be heated only to a length of 
7-8 in. If more length is required, 
two successive heats should be taken. 
Tliat portion of the bar, then, which 
lies beyond the part which has to be 
upset will not b^ome bent or other¬ 
wise distorted during the,upsetting 
process, but remain rigid. The up¬ 
setting is performed either by jumping 
the har heavily end on to the anvil, 
the hot portion, of course, being down¬ 
ward (Fig. K)6), hence also called 
jumping up, or it is hammered with 
the sle^, swung in a nearly hori¬ 
zontal arc, the smith holding the bar 
horizontally on the anvil with the 
tongs, or a heavy cast-iron monkey 
(Fig. 107), suspended by a chain, is 
swung heavily against the end of the 
bar. 

When the amoimt of jumping up 
which is required is slight, the first 
method suffices; for heavy work the 
latter plans are adopted. Upsetting 
reduces the length and increases the 
breadth and thickness, and the en¬ 
largement, being very irregular in out¬ 
line, must needs be made considerably 
larger than is actual]^ required. At 


the same time, since the jumped mass 
will be of a rudely circular shape, being 
simply an expansion of the shape of 
the bar, a rough outline of the shape 
finally required must l)e, imparted to 
the end by hammering, the hammer- * 
ing and ut)sctting alternatiug, so ^t 
the iron, still retaining its beat, is 
hammered approxinmtely level and 
square on four si<les, forming a rect¬ 
angular block or lump at the end of 
the rounil bar, it-s extreme dimensions 
being slightly larger than the out and 
out dimensions of the bosses a. By 
this time it will probably have lost 
most of its beat, and will go l^k to 
the fire to be made nearly as hot as in 
the first place. By means of the fuller 
first and the flatter afterward the 
hollows around the bc^s^ and the 
fiats b will be set down, and similarly 
the fiats c. The outside rounding of 
the bosses will l)e imparted by cutting 
off a portion of the comers with a hot 
set, then liammeriug with an onlinaiy 
liammer, and smoothii^ off with a top 
swage struck by a sled^. The whole 
of the black dimensions will remain 
when finished a trifle over the bright 
finished sizes, to give sufficient allow¬ 
ance for machining. The rounding off 
at d is first rudely cut with the hot 
set, or with a gouge tool, the heads of 
those tools being struck with the 
sledge. The angularities will be 
beaten down rapidly with the ham¬ 
mer, and a top and a nicking swage 
with suitable curvra be used to impart 
a finished outline. 

The bar will now go into the fire 
again, and the heat will be taken over 
it extending from the fork to about 
the centre. A nicking fuller may be 
used to shoulder down the square bar 
to a circular section just who:^ it 
departs from the forked end, or if the 
bar is small it may be simply ham¬ 
mered at the angles with a hand 
hammer or sledge. When the dia¬ 
meter is roughly reduced down to the 
required size next the fork, the or^iai 
size remainii^ at the centre, it will be 
readily finished swaging, the proper 
' aIlowan(» being Mt for turning. This 
K 2 
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need not occupy more than one heat. 
The other half of the rod can be 
swaged down in another heat. Then 
there remains the stub end B which 
has to take the strap, and this will be 
jumpied up in a short heat similarly 
to the forked end, finished with the 
flatter, and neatly fullered down 
around the neck. 

In this illustration wc have supposed 
the space between the fork ends to be 
slott^ or drilled out of the solid. 
But if the forked ends were so wide 
apart that the slotting or drilling out 
of the interspace would be considered 
a heavy task, or if the end were that 
of a rough lever or pump rod which 
would not pay for machining, the forks 
would be forged as follows: If the 
width of the bar were less than twice 
the thickness of each fork, it would 
first require to be jumped up until its 
width were somewhat more than twice 
the thickness—that is to say, if the 
forks were f in. thick, the width of 
the bar should bo rather more than 

in., say If in. or 2 in. As before, 
a short heat is then taken, extending 
no further than just beyond the 
shoulder. The flat portion is laid on 
the anvil, and divided through the 
centre with a hot set, cutting first 
from one side, then from the other, 
and meeting in the centre. 

Sometime a hole is first punched 
at the bottom of the hollow. Once 
divided, it is readily opened out first 
to the V-shape (Fig. 108), then the 
hollow is formed by jumping and ham* 
mering over a bottom fuller of consi* 
derable breadth and depth (Fig. 109), 
sometimes termed a dresser, or joint 
dresser, until a rough outline of the 
Hfurcation is obtained. Then the 
more exact outlines and thicknesses 
are given in a second heat by judicious 
hammering, and finishii^, partly over 
the dresser, partly on the fiat overhang 
of the anvil, if the space between the 
forks is sufficient to permit of this, 
finally, when the sliaping is done, the 
fo^s must be tried for parallelism with 
the axis of the bar, and if out of truth 
they wUl bb set over with the hammer. 


It is easy to see how a diflerence in 
relative proportions would modify the 
method of making which ought to be 
adopted, and since our connecting rod 
is selected, not as of any particular 
size, but illustrative only of difierent 
methods of forging, we will now make 
it the medium of sundry remarks in 
reference to the practice of welding. 

Upsetting is hard work when the 
quantity of metal to l)e upset is laigq, 
and particularly so wlien done without 
the aid of a monkey, or in the absence 
of a massive plate which is h*equeutly 
sunk in the floor for the same purpose. 
Welding is, therefore, much easier in 
certain instances. But the stub end 
B (Fig. 104) is not so much larger than 
the original size of the bar in the 
centre; therefore we may upset that 
very well. Also, when the sum of the 
widths of the two forks is little more 
than that of the original bar, and the 
forks are forged aa in the last example, 
we may accept the jumping up method 
as being practicable. Moreover, in the 
first instance described, we upset the 
bar on the supposition that, though the 
end was solid, it was not of great 
width, and this would also be appUc- , 
able to the ends of many light levers. 
But assuming tlie end were both solid 
and wide, measuring, say, over the 
bosses three «n* four tipies the diameter 
of the bar in the centre, welding then 
would be preferable bemuse involving 
less labour. « 

When making a weld, there are three 
points to Ite borne in mind: to have a 
joint of sufficient area, and in suitable 
direction for liammering up; to have 
the necessary temperature; and to be 
sure of perfect!)^ clean surfaces. For 
the firet condition, a scarf joint, that 
is, one running diagonally with the 
common axis of the pieces to be shut 
(Fig. 110), is to be inferred, and is,. 
therefore, commonly employ^ when 
practicable. When a ucarf joint cannoh 
be used, a veed or cleft j(wt is suitable. 
When that cannot be employed, a 
spreading joint, made by fullming down 
a portion of the bar, is resorted to. A 
plkn butt joibi, except when the 
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abutting surfaces are of large area, is { punched and drifted, either to save the 
seldont used; but flat surface shuts [ lalHiur of drilling previous to 
are common. The temperature for ' tlirough, or os being suitable Mio\^b 
welding iron is that just now referred for the purp(xie which they have to 
to, when the iron logins to sparkle, I fulfil, l^fore punching,* the iron is 
and to drop off in ^obules. For steel, j brought to a welding heat, or nearly 
the temperature is lower, barely ap- | so, laid ufion the anvil, ^nd the punaii, 
preaching to a white heat. Diiiei-eut struck with the liammer, is made to 
ijualities of iion and steel recjuire ' |)ass half way through from one face, 
difierent degrees of heat, and the tern* I It is then knocked bock, the iron 
]9erature in eacli case become a matter turned over and punched from the 
of experience. When the ends to be I opposite face, the holes meeting, thero- 
welded arc taken from tho fire, any fore, in the middle or thereabout, 
scale adherent to the surface must lie Then a drift is inserted in the bole, 
detached by striking tlie bar smartly and either driven half way in from 
on the anvil, Joint face downward, or each side, or right tlurough, according 
by sweeping away the scale with a to circumstances. While the drift is 
muck brush. If any persistently ad- still in place, opportunity is taken of 
hering scale remains on the faces, the giving a rough kind of finish to the ex* 
shut should not be made. tenor outline. Punches and drifts 

IVactures occur sometimes from tliis become red hot, and soften and bend 
reason, the weld being perfect near the if they remain more than a few minute 
edges, but faulty in Ute centre. The in contact with the iron, so that it is 
joint surfaces are usually dusted with neceiMary to remove them once or 
sand, but tins is not so essential as it twice from a deep hole and quench 
is sometimes stated to bo, provided the them in wuter. Punches and drifts 
scale is removed in the manner stated, are usually picked up with the pliers, 
for numbers of ordinar}’ iron shuts are though the former are sometimes 
made without it. The weld is mode finished with withy liaudles. They 
immediately lliat tho faces are brought are circular, oval, or r^tangular in 
into contact, by rapid hammering, section, the difference being that while 
ever)' second at the welding heat being a punch is tapered, a drift is parallel 
of vital importance. When closed to* for a considerable portion of its length, 
gether with the ^mmer, the joint of and tapers only toward the end. 
a good weld should not be visible, the When bending work, vmous devices 
presence of a b^k line indicating that are resorted to. A turn-down edge at 
the shut is imperfect. If during ham* right angles would be bent over the 
meriug the Iku* becomes reduced or edge of tlie anvil, the flat of the bar 
drawn down below its proper size, dia* lying liorizontally across the anvil, the 
meter, width, or thickness, as tho smitli grasping the tongs, and steadying 
may be, it must be slightly jumped up them against his leg toiWst tlie force 
to tlucken it sufficiently, an<i then of the endlong blows. The bar is fre* 
swaged circular, or smoothed with the <|ueutly nick^ acrcffis slightly with a 
flatter. Iron and iron are easily fuller previous to bending, and the 
welded, so are the milder varieties of fuller, having a circular section, does 
steel; but some hard and brittle steels not divide the fibre as a set would do. 
require tact tmd practice to weld pro* Eyes or rings are bent around the beak 
perly, and some, if heated over a cer* of the anvil, whose tapered outline 
tain temperature, crumble under the permits eyes, rings, loops, and curves 
hammer. , of many different diameters being bent. 

In a connecting rod, the cotter way Fig. Ill shows the method of welding 
in the stub end is usually drilled and a ring and an eye. Bings of laige dia* 
filed out, but in many ipstances cotter meter are finished on the conio^ man* 
ways and holes of other shapes are drel (Fig. 112), Bmsdl rings we 
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tiiiished on a parallel W or mandrel of 
suitable diameter, the bar remaining in 
place while the outside is finished with 
flatters or swages. When eyes are 
being bent, or other work being per¬ 
formed on bars of considerable length, 
tlm trouble of supporting the opposite 
end is saved by driving a rest (Pig. 118) 
into the ground, and placing the bar 
in the hollow. 

When doing forging it is necessary 
to take measurements rajudly—not an 
easy task with liot inm. Hence, 
gauges notched to <lilferent sizes are 
made of sheet iron, say J in. thick, 
the size of each notch being stamficd 
above it, Fig. 114 being a gauge for 
round, and Fig. 1113 one for flat bars. 
(‘ English Mechanic.’) 

Orange .... 2010''F. 

Bright oran^ . . 2190 

White heat . . . 2370 

Bright white h^t . 2550 

Welding.—The following abstract 
of a paper G. Newcombe, the secre¬ 
tary of the Cleveland Iron Trade Fore¬ 
men’s Association, will be found a 
valuable addition to the literature of 
the subject. 

Conditions .—Newcombe calls atten¬ 
tion to the amhlgulty of language in 
which the conditions for an effective 
weld are often stated, and introduces 
extracts from some of the latest writers 
on the subject. Edward Williams, at 
the conclusion of a paper the 
Manuhujture of Bails,” read before 
the Iron and Steel Institute in Sep¬ 
tember 1869, said welding was the one 
thing needful; and we should never 
lose sight of it. The chance of obtain¬ 
ing thorough welding would be much 
increased % not insistiug on moie 
toughness and fibre than is absolutely 
necessary to guard against so much 
brittleness as would bring alK>ut break¬ 
ages of the rail in work. In the dis¬ 
cussion on that paper, Sir William 
Armstroi^ said that in the manufac- 
tura of guns on the coil system, a per¬ 
fect welding is just of as much im¬ 
portance M it b in the manufacture 
of 1 ^. The conclusion arrived at, 


lK)th at Elswick and Woolwich, was 
this, tliat in proportion as the iron has 
a st^ly cliaracter, so in proportion is 
it unfavourable for welding. The in¬ 
dication of its steely character was 
obtained by taking a specimen of iron 
heated to a certain point, and then 
plunging it into water. If its tensile 
strength was found to be increased 
beyond a certmn limit, it was rejected 
as unfavourable for welding. The 
iron welds most perfectly which under¬ 
goes no increase of strength in the 
process of hardening. WEliams, in 
reply to questions, defined good weld¬ 
ing to l)e a combination of cflects, an 
actual amalgamation of the surfaces, 
and soldering t(^ether by means of 
the cinder. In proportion as there is 
more of the absolute contact and less 
of the soldering, so is welding good, 
and vice versd. Where there is no 
contact of the actual metallic surges, 
and nothing but the soldering of the 
layers together by means of the cinder, 
it is pour welding ; and it is the fjuorer 
the tliicker the cinder. Where you 
have a large proportion of surbee 
actually brought in contact with the 
layer next to it, then you have good 
welding. But perfect welding—tlmt 
is, complicte contact ot surlacen, or 
anything at all approaching it—is im¬ 
possible. * • 

Mattieu Williams, in treating on 
lamination and blistering, says that 
when a blacksmith males a weld in a 
common open fire, he throws sand on 
tlie surface to be joined, the object 
being to flux the scale—that is, to 
convert the oxide into fusible silicate. 
This being done, he brings the fluxed 
surfaces together, and by hammering 
forces out the liouid sUioate, and thus 
brings clean su<-^es of pure iron to¬ 
gether, which at a proper heat unite 
perfectly. If he a film of oxide 
between the surfaces it would prevent 
welding. Following up this principle, 
Mattieu Williams obtmned from the 
potteries some “ slip," or finely-ground 
flint used in gle^ng earthenware, 
mixed this with sufficient water to 
form a sort of paint or wliitewaeh, 
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and with a whitcwaKhcr'ij brush paiuted { 
it over the surface of the piles uu both I 
Hides of each layer. He tinted ueveral j 
piles of the finest quality of iron in : 
this manner. They were rolled into j 
boiler-plates, none of wliicii sliowetl ; 
any si^us of lamination. He believes ' 
that by iliis meivns lamination may be | 
efiectually prevented. 

At.a meetiu.; of the Iron and Steel I 
Institute, liiehard Howson, in a paper 
reiMl before that society, “On Wold- ' 
ing Ii'on,” said that in order to obtain 
complete metiUliu contact, tlic skill of | 
the workman had to be exercised—Ist, I 
in heating the iron sufficiently ; 2nd, ' 
in protecting the surface from oxida- | 
tion by means of a flux ; 3rd, in form- j 
ing the surfaces in such a way that 
the flux has a meaiiR of escape when ^ 
the ends arc closed up under the ; 
hammer. i 

Having thus given a risumi of the | 
latest theories on the subject, New- j 
coml>e exjvmines them from apnu^tical 1 
standpoint, to ascertain how far they | 
are supported or contradicted by the ! 
most advanced practice of the day; | 
and Howson's views are of the most | 
recent date, and may fairly be sup- I 
posed to include much that liad previ- \ 
ously been said on the s\^ject, he ) 
takes up the consideration ot his con¬ 
ditions—first, on the heccseity for 
proper heats to secure good weldLs. 

ileathiy .—In poiut of importance, it 
rightly BtondsCrst, for if the primary 
cause of defective weldii^ could be 
traced, its origin would in a majority 
of casce be found in bod heating. 

There is no operation connect^ with 
smitliing which requires more careful 
handling, or gives more anxiety to the 
smith, tb^ the proce^ of welding, for 
on the successful issue of one wrid in 
the manufacture of a single article may 
depend either the success or loss of 
much labour and money. It may 
therefore repay us to examine with 
care the conditions to be observed in 
obtaining a good heat. In the firat 
{dace, the furi must be as free from 
metallic impurities as possible, espe- 
Qwdly sulphur, on it rSadily combine 


with iron, and with it forms sulphide 
of iruii, which is naturally detrimental 
to the furmatioii of a good weld; 2nd, 
by a proper construction of the hewth, 
and arrangement of twyer, to obtain 
the re(|uisile chemical combination •’ 
necessary for a proper combustion^>f 
the fuel for heating |)urposo8. This 
is effected by placing the twyer about 
■1 in. below the level of the hearth for 
lighter kinds of work, and 6 to 8 in. 
for heavy kinds. But even with good 
fuel and the arrangement of twyer 
just s{>oken of, we may obtun two 
kinds of heat—viz., a carbonaceous 
(reducing) heat, or au oxidising (des¬ 
troying) heat; the carbonaceous is 
that winch is required by the smith 
to reduce his iron to a welding condi¬ 
tion, to obtain which he must main¬ 
tain a constant supply of heated fuel 
between his twyer and the iron to be 
heated, aud covering it likewise if the 
whole mass is to be heated. The 
chemical action which here i»ke» place 
may be explained thus : The oxygen 
of the air, after passing the twyer, 
comes ill contact with the heated car¬ 
bon ill the fuel; chemical uuion then 
takes place ; 1 part of the carbon com¬ 
bines with 2 of oxygen, forming oar- 
bonic acid *, tins, in passing tl^ugh 
the heated fuel above it, takes up an¬ 
other part of carbon and forms carbonic 
oxide, wliich is composed of 2 parts 
carbon and 1 oxygen ; and so long as 
this action con be maintained, we !^ve 
a reducing heat suitable for bringing 
iron into the welding state with the 
formation of the least amount of oxide 
on the surfaces of the iron; and if we 
&il to obtain those conditions, and 
allow Hie fuel to become deficient i& 
quantity between the twyer and tha 
iron when it is in a semi-welding state, 
then we have a chemical action of a 
difiTerent kind, for Hie oxygen then 
being in excess, through a deficioo^ 
of carbon, readily combines with the 
iron, and forms a cinder or oxide ot 
iron. This combination results, in 
great loss of iron. 

If the d^tructive effect of oxygen is : 
so aj^iarent on a small sample of 
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an approximate 0 |»nion may be formed 
of the great loss resulting from its ac¬ 
tion on laige masses. In proportion as 
we obtmn heato, under either of the 
two couditioiu just named, so shall 
we get good or bad welding. If the 
o*ydising heat has acted on the iron, 
it leaves a film of cinder which is 
difficult to remove, and which prevents 
close metallic contact of the molecule 
needful to good welding; this is often 
apparent in examining large forgings, 
when turned and polished, tliat have 
been laid together or built up in slabs 
or piles. A dark horizontal line may 
be traced in the foigiug, which indi¬ 
cates the junctions of the slalw that 
in heating have been allowed to oxidise, 
perhaps through the furnace being too 
slow in heating, or through the ad¬ 
mission of too much free oxygen. The 
oxide not being properly expelled 
while under the hammer, the result 
a defective shaft, the weakness of which 
is soon made apparent if in performing 
its work it is subject to much torsion ; 
whereas, if the mass had been heated 
in a full carbonaceous dame to that 
fine mellow or spongy condition so 
essential to a complete incorporation 
of the molecules, and which renders 
iron as nearly homogeneous as can be 
obtained under the piling system, no 
such thing would happen. 

Muxti. — He next examines the 
second section of the conditions just 
quoted as necessary to secure good 
welding—viz. protecting the surfaces 
from oxidation by means of a fiux. 
The views advanced in this section of 
Howson’s argument ore so utterly at 
varumce witii the best practice of 
modem times that Newcombe joins 
issue with him on this subject, as he 
is convinced that it is not necessary to 
use any fiux in order to secure a perfect 
weld—that is, if the iron is compara¬ 
tively free from carbon, and the proper 
conditions of heating have been ob- 
se^ed. Large masses of scrap are 
wlit4^ up in foi^, and smaller sec- 
tidas of iron in smithies, without any 
flux. Indeed, the process described 
by the author, of piling and rolling 


large armour-plates at Sheffield, and 
the manuer^adopted at Low Moor in 
manufactunng plates and bars, shows 
that no silica was used as a fiux to 
assist the welding, other than that 
which the iron contained when it left 
the puddling furnace ; yet the author 
admits that his samples were os nearly 
homt^eneous as it is possible to get 
them without absolutely melting the 
iron. That welding may be efiectively 
accomplished without the use of a flux, 

^ there are few workers in iron prepared 
to dispute ; but as fluxes are used in 
welding, and chiefly by smiths, New- 
combe inquire into tl>e cause of their 
adoption. 

The flux chiefly in use is sand ; being 
abundantly found in nature, it is con¬ 
sequently cheap. It is competed of 
silicon and oxygen, and technically 
known as silica. It readily melts on 
being applied to hot iron; and it is 
this property, combined with its cheap¬ 
ness, tlut accounts for its general use. 
Why is it used by the smith 1 Because 
in joining two pieces of in)n together 
different kinds of splicing or scarfing 
are adopted; those, or at least the 
most common in use, are of a pointed 
character, and they present an un¬ 
equal thickness of iron to the action 
of the heat; and as the point of the 
scarf is failLest inth the fire, and 
through its unequal thickness conducts 
the heat much quicker^ tl^an the heel 
or thick part of the scarf, it conse¬ 
quently arrives in a welding state first, 
and, if the action of the heat was not 
checked, the point would be burnt 
avi^y before the heel liad arrived at a 
welding state. To prevent this, tiw 
smith throws on or di|« the back of 
the point into the sand ; the sand, on 
comii^ in contact with the heated iron, 
melts and absorbs so much of the heat 
of the part to which it is applied, and 
on melting becomes vitrifi^. This 
glassy silicate readily combines with 
the iron, and forms a coverii^ to the 
part exp(^ to the heat, and being of 
a very refractory nature, it is some time 
before it is bum| oflT the iron. It thus 
protects the iron in its weak or exposed 
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pari, while the other or thicker jiart 
is absorbing the heat and arriving at 
the welding condition. *It is some¬ 
times used when the iron is on the 
anvil, but only when such iron is over- 
lieated, and will not bear liammering. 
A little sand thrown on almorbs the 
heat and restores its cohesive power. 
The smith, in using sand, is always 
careful to keep it from the face of the 
scarf ; he knows from experience tliat 
the cleaner he keeps the two surface to 
be welded the closer and more perfect 
will be the weld. Tliis is the legiti¬ 
mate use of sand in welding; it is 
employed as a chemical agent to pre¬ 
vent waste of iron, and even in this 
capacity should Iks used as sparingly 
as |)ossible, for its baneful efi'ects are 
left Isehind on the foiled articles, 
which, if they have to be either planet! 
or turned, j)resent on their surfaces a 
series of knotty or flinty i>ointB, which 
blunt the tool and are a source of much 
annoyance to the ojierator. 

The use of sand is injurious to iron, 
and though itr may be used as an agent 
to prevent waste of iron in some piw- 
ticular kinds of scarfing, it is not 
essential to sound welding. In support 
of tliis assertion, Newcombe refers to 
the welding of tires for railways and 
tubes for boilers ; both these articles 
are continually* under Insjiection for 
the purpose of detecting fliaws or un- 
soundness, and they are subjected to 
continual tedkile strain and shucks, 
which tend to develop any flaws or 
unsouudneaa ; yet how few out of the 
many thousands in use give way at 
the weld, and they are invariably 
welded without any flux Iwing used. 
Numerous other examples might be 
given of specialities of mauuhicture 
where the welding is done without any 
flux. 

Selection of Iron ,—Before clewing j 
this subject there is one matter nearly j 
connected with welding which has not | 
received that careful attention that it j 
demands, and which future interrats ' 
will require—the selecting of iron j 
suitable for welding pipperly tc^ther; 
not that there is any olmoulty in weld- j 


ing Clevelaud iron, for it is remarkable 
for the excellence of that qmdity, yet 
there are few liistricts which produce 
iron tliat is more laminated. Perhaps 
this may, in a measure, .be the result 
of the prosjierity of the jiast few yew^, 
which jirevailed in the iron trt^e, 
when 4juantity and not quality was the 
great <lesideratum. In welding hard 
ami soft ir<ui8 U^ther, the difficulty 
is to get a heat suitable to Iwth, as it 
is difficult to define the exact tempera¬ 
ture for iron in the welding state, for 
it difiers materially according to the 
different degrees of quality of iron. 
The amount of heat wliich a hard pure 
iron would absorb liefore arriving at a 
proper viscous or jiasty condition would 
be sufficient to destroy a wift impure 
iron by burning. Iron may be welded 
at different degrees of heat, varying in 
colour from a greasy yellow up to a 
white heat, and if heated beyond this 
point it becomes burnt, through not 
lieing fusible when in an uncomlined 
state. Heat lias great influence on 
1 iron in altering its condition. A high 
heat will cliange a fibrous to a crystal¬ 
line iron, whilst a low welding heat 
will allow it to retiiin its fibrous cha¬ 
racter. Irons in a welding state pos¬ 
sess great affinity or attraction for each 
other, and this is manifested in a 
j greater or lesser degree according to 
uniformity of quality. If two pieces of 
iron are laid together in a welding con¬ 
dition, they reatlily stick to each other, 
and, if the surfaces aro of moderate 
extent, it reciuires some force to pull 
them asunder. A striking proof of 
this attraction may be seen in any 
forge, in the piling of very laige masses 
of scrap coutmuiug thousands of pieces, 
which are h^ted to a welding state, 
and then brought out of the furnace, 
and held in suspension by the 
between the points of a pair of tongs, 
and though it may weigh 2 or 3 cwt. 
there is no difficulty in tmismitting 
I it from the furnace to the anvil, during 
I wliich time the particles compe^ng 
the mass are held t<^ther by atomic 
attraction, but some meoimnical force . 
is necessary to tdng the particles 
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into closer uietollic coiitwct. The 
difficulty is uut ho great iu welding 
hard and soft irouH together as in 
keeping them together after they are 
welded. In a sample conttuniug five 
different kinds of iron, of varyii^ 
d^rccH of (|UaUty, the welds, so faros 
con be judged from appeamnee, seem 
to perfect, yet if lliis sample liad 
much work )>ut on it, if it were upset 
under the steamdiammer, the liarder 
knots would sej«ii’ate from the softer, 
their structural foi-ms arc so diherent. 
The fine crystalline ftirm of the Low 
Moor iron canned Iw thoroughly incor- 
|K)rated with the o{)en molccul^ stnio* 
lure of the common Cleveland. Much 
of the defective welding found in 
Cleveland iron is due to this cause: 
we find on examination a layer of 
crystal and anotlier of fibre in regular 
succcEwion throughout the commoner 
kinds of iron. A low heat is adopted 
in its manufacture, purposely to rebuu 
its fibrous character; the result is the 
lamination spoken of. This evil is 
not confined to the manufacture of 
ban^ only ; the rail trade lias sufiered 
from the same cause. Welding, pro¬ 
perly i>erformed, is neither a soldering 
nor gluing process. Neither of those 
words is applicable to the process. It 
is possible to get a near approach to 
complete metallic contact by welding ; 
but as the conditions are so varied by 
reason of the different chemical com¬ 
binations in iron, it is impossible, in 
tlio present state of metallurgical 
science, to lay down any fixed rules; 
therefore, the skill and observation of 
the workman must supply this want, 
and be constantly direct^ to those 
affiniti^ and combinations whkh are 
constantly taking place in all metallur¬ 
gical operations, under fixed though 
I>erhapB undefined laws, which govern 
the results, and give go^ or bad work 
in proportion to the extent in which 
they are regarded or neglected. (‘Eng. 
Mech.’) 

^atwreof Wddmg.—ln the address 
of ^fbrdan, President of the Soci6t6 des 
IngSuieurs, delivered at the annual 
meetit^ of that society in Paris, a 


novel exjdanation of the welding of 
iron is offered. Jordan says that weld¬ 
ing is a phefiomenon exactly similar to 
the regelation of water, the phenomena 
of regelation being these, that if two or 
more pieces of ice at a temperature uot 
lower than their melting-point, or pre- 
I fcrably at a temperature much higher 
: than their melting-point, be pressed 
I together, the liquid water adhering to 
' their melting surface becomes solid at 
. the places of contact, and the two |ueces 
' are refrossen into one. Jordan very 
; aptlyillustrates the pheiiomenaof rege- 
I lation by the making of a snowbdl, 
telling us that this unvy be done when 
snow is at a temperature not lower 
tlwn 32'^F. (0°C.). i.e.y the freezing- 
point of water. Eveiy man will re¬ 
member that when the snow is very 
dry, and the temperature of the air 
below the freezing-point, the snow¬ 
flakes will not cohere without the aid 
of much pressure and warmth from 
the liand, but that with sloppy snow 
during a thaw, one can make a hanl 
ice snowball with ease. Jordan com¬ 
pares the making of the snowball with 
the wekling of the iron ball, maintains 
that the processes are identical, and 
applies Sir W. Thomson’s explanation 
of regelat^on to the cases of iron and 
platinum welding. 

1 It appears t6 Prof. Mattieu Williams 
I that the conditions of solidification in 
i the two cases are not only by no means 
I alike, but arc diametri^ly opposite, 

I the welding of both iron and platinum 
I being effected at a temperature con* 

[ siderably below their melting-point, 
I while the primary condition for the co¬ 
hesion of two pieces of ice by regelation 
I is that they shall be exposed to a tern* 
I perature al)ove, or at least not below, 
Iheir melting-point. In order thal 
regclaiiou should be analc^us to weld¬ 
ing, it should take place at a tempera¬ 
ture ffu* below the fi'ceziog-point. 
1 Now, it is well known that under such 
I circumstances r^elation does not 
and cannot occur, and therefore it 
differs essentially and primarily from 
welding. 

If it had been ^coveted that two or 
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more pieces of iron, while in a furnace, j 
rawed aiiove tlieir ineltinf;-yM:)int and 
eleaming into fuhioti, would cohere ' 
when prestied together, auH that this i 
cokesionrcHulted from thesolidificatioii 
of their liquid surfaces, in spite of the ! 
melting heat of the furnace, we should ' 
liave an analogy with the regulation 
of melting ice, and Jonlan's conclusions 
would be justified. Jiegelatioii mtians 
the resolidifying of a liijuid, oraspecial 
cohesion in spite of liquidity ; welding 
means a special cohesion in spite of 
solidity or apparent solklity. Tf Jor¬ 
dan liad described tlieni iw examples of 
curiously opposite jwlions, the coni- 
pu-ison would have Ixieu more nearly 
correct. We might jilausibly assume 
that, while the pressing togctlier of two 
pieces of wet ice prcnluccs a solidifica¬ 
tion of the surface liquid, the pressing 
tr<^ether of two pieces of lieated iron 
Itas the op|)o.site ellw-t of momentarily 
li(}uefymg the surfaces of contai^t, and 
thereby soldering them t<igother. The 
plausibility of this explanation is in¬ 
creased by the fact that pressure de- 
velojis heat, and thus the welding heat 
might at the surface of contact be mo¬ 
mentarily raised to the fusing-point, i 
and then, on the removal of the pres- | 
sure, this liquid film might solidify and ' 
thus pn)duce the welding cohesjon. But 
even this tlieory is, hi Williams’s opin¬ 
ion, too learned. A far aiinfler explana¬ 
tion may be found, and we must never 
forget that when two or more explana¬ 
tions equally fit^ given set of ^ts, the 
simpler is the l>etter, and usually the , 
true one. 

In order to find a true analogy to 
welding, we need go no further than l 
the vulgar “sticking together ” of two ! 
pieces of cobblers’ wax, pitch, putty or ; 
clay. These ..re in a viscous or semi- i 
fiuid condition, and they cohere by an 
action similar to the transfusion or in¬ 
termingling and uniting of two liquhls. 
Iron and platinum pass through a vis¬ 
cous or pasty stage on their way from 
the solid to the liquid states, and the 
temperature at which this pasty con¬ 
dition occurs is the welding heat. 
Other metals are not weldable, liecause 


they pai?8 too suddenly from the solid 
to the li(juid condition. Ice, althoi^h 
it fuscis BO slowly, in consequence of 
the great amount of heat rendered 
latent in the act of fusion, passes at 
once from the state of a brittle crystal¬ 
line solid to tliat of a perfect liipuid. 
It passes througlino int^nediate past^ 
stage, and therefore is 'not weldable, 
or does not cohere like iron, etc., at a 
tempersvture l)elow its fusing-point. 

It is usual to cite only inm and pla¬ 
tinum, or iron, pJatinum, and gold as 
welilablc sulwtances, but this is not 
correct. Leiul should be im-luded as 
a weldable metal. The two halves of 
a newly-cut lejidcn bullet nrny lie made 
to reunite by j)ix!ssui*e, even when 
(.[uite cold. ThI.s is obviously due to 
tl)o softness or viscosity of tliis metal." 
Outside of the metals there is a multi¬ 
tude of weldable substances. Glass is 
a typical example of those. Its weld¬ 
ability depends upwii the viscosity it 
assumes at a bright-red heat, and the 
ghbis-maker largely uses tliis property. 
When he attaches the liandle to a 
claret-jug, or joins the stem of awine- 
gluHs to its cup, he performs a true 
welding process. 

The cliief practical difficulty in weld- 
ii^ iron arises from the fact that at the 
welding heat it is liable to oxidaUon, 
and the oxide of iron is not niscous 
like the metallic iron. To remedy this 
oxichition, the workman uses sand, 
which combines with the oxide and 
forms a fusible silicate. If he is a 
gorxl workman, he does not depend 
U(K)n the solidification of this film of 
silicate, as tlie adhesion thus obtained 
would be really a soldering with brittle 
glass, and such work would readily se- 
pamto when subject to vibratory vio¬ 
lence. He therefore beats or squeezes 
the surfaces tc^ether with sufficient 
I force to drive out between them all the 
I liquid silicate, and thus he secures a 
' true annealing or actual union of pure 
I metallic surfaces. 

Cast iron or steel conttuning more 
than 2 per cent, of carbon cannot ^ 
welded, l^ecause the compound of iron 
with so much carbon is much more 
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fusible than pure iron, or than steel 
with less cwbiin, and it runs more 
suddenly and directly from the solid 
state into that of a lujuid, and hence 
presents no workable range of weld* 
able viscosity. (Mattieu Williams, 
‘Iron.’) 

Redpas. —Steel.—(1) An excellent 
composition for welding cast-steel is 
prepared by boiling U^ether 16 parts 
borax and 1 of sal-ammoniac over a 
slow fire for 1 hour. When cold, 
grind it to powder. The steel must 
then be made as hot as it will conve¬ 
niently be^ir, and the composition 
used l^e same as sand. 

(2) There is one point in welding 
8t€«l wliich cannot be too stroi^^ly 
insisted upon, and that is that the 
pieces, after liaving been brought to 
welding-point, should not be struck 
heavily with tlie hammer, but only 
tapped lightly at first until they have 
be^n to weld ; after that, the sledge 
or steam hammer may be used with 
perfect freedom. Another important 
thing in welding steel is the heat. 
While it is imjMwsible to give any speci¬ 
fic rul^ on this point, the general rule, 
wliich will be found to hold go(Ml in 
all cases, is not to heat the st^l any 
higher than is absolutely necessary to 
effect a weld—the h^her the steel is 
in carbon the lower the heat at which 
it ought to be worked, hence necessi¬ 
tating heavier liammers—and next, 
not to finish the operation at too low a 
temperature. It will be best to work 
the steel as rapidly lis possible, reheat 
as often as required to prevent working 
or finishing cold, and anneal imineili- 
ately after welding the whole piece— 
not only the immediate vicinity—con¬ 
taining a weld. The annealing heat 
should always l)e higher than that at 
which the piece was finished. Another 
source of danger to the homogeneity 
of the finished product is to be found 
in cold-straigbtening. The presses in 
many milla are so constructed as to 
exert absolute shearing stresses, and 
aril apt to do more harm than any 
subsequent service can do. Cold- 
straightening ought to be done at 


black beat, and the local effects of the 
press be modified by distribution over 
a lai^e area. Tins can l)e accomplished 
by tbe use of broad oak wedg^ or the 
insertion of piec^ of plank. Gener¬ 
ally, plates, angles, beams, etc., have 
of necessity to undergo more or less 
hammering in the course of construc¬ 
tion, and as tins produces effects com¬ 
parable to punching and shearii^, 
though in a much less degree, it be¬ 
comes uecessiiry, in steel construction, 
to modify these effects in the same 
way by protecting the mettd surface 
with wood, and substituting heaVy 
wooden mallets for sledges. In time, 
the working of steel m every stage re¬ 
quires cure —and, above all, intelli¬ 
gence—and the men engaj^ in it 
must }>e impress^ with the necessity 
for careful manipulation and ration^ 
treatment. Undoubtedly the steel 
*must possess the proper qualities for 
structural purposes in the first place, 
but then it must also be propei'ly 
treate<l subsequently if it is to bring 
those (jualities into tiie finished struc¬ 
ture, (A. Hill). 

(3) Shear and double-shear steel are 
easily welded, an<l tlie latter will 
answer almost all the purposes of cast- 
steel. Cast steel, however, is more 
difficult to weld, but it can be done 
by |)ractice. * Care must be taken not 
to heat too hot, or it will fall to pieces 
under the hammer. Use powdered 
borax as a flux. ^ 

(4) A ma»i of ingredients is sold for 
the purpose of welding cast steel, but 
the simplest and best method is, ac¬ 
cording to the “ Hevue Industrieile," 
the one employed by Fiala, of Prague, 
Bohemia. He uses pulverised whit' 
marble for the purpose. The tw< 
pieces to be welded together are heated 
and, after rolling in marble dust, an 
promptly joined ti^ether, and sub 
jected to a good hammering. 

(6) Cast-steel can be, and is, success¬ 
fully welded; but there is greater 
difficulty in the accomplishmentof the 
process tl^ with other kinds of steel, 
and it requires a practical hand to 
make a ^ob. The precautions 
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necessary to ensure success are as 
follows Keep it from the air while 
being heated ; heat as quickly as pos¬ 
sible ; do not make it too hot, or it will 
burn, and ’break in pieces when 
hammered—for cast-steel rcijuiros a 
low welding-heat; strike lightly at 
first, and incre^e to heavy blows; 
do not use coals, for they contain sul¬ 
phur, and will give the surface of the 
steel a coating of sulpliidc of inin; 
but use coke, or what smiths term 
“ breeze," that is, coal well burnt and 
the cinders washed. Use the follow¬ 
ing fluxBorax I lb., washing potasli 
} lb., and a small quantity of wliite 
glass, powdered ; melt together, and 
when cold, pound it. This flux will 
dissolve the oxide that forms. Apply 
some before putting in the fire, to 
protect surface of work from oxide, 
and apply more at your own discretion. 
If waut^ to weld cast-steel to iron, 
the iron will require a greater heat 
than the steel. 

(6) The sand tuually employed must 
be discarded, and borax employed in 
ite stead. Some of the cast-steels 
require a still more fusible flux than 
even borax, and sal-ammoniac is 
mingled with it; 1 of sal-ammoniac 
to Ifi or 20 of borax is sufficient. 
The best mode of using boi^ is to 
put it in an iron kettle ^or ladle over 
the fire, and heat it until it discon¬ 
tinues to boil up ; when cold, reduce 
it to a powde^ When the steel is 
somewhat heat^, the powdered borax 
is applied, and when again inserted 
in the fire, the heat is raised as high 
as the steel will bear without injury. 
When at the point of fusion, on to the 
anvil with it quickly; bit it lightly, 
very lightly, at first, till it begins to 
adhere, and increase tlie force of the 
blows 1^ d^ees. If the joint is not 
satisfactory, try a second heat with 
another application of the borax. 

(7) It is well known that in order 
to weld iron in a durable manner its 
surface must be free from oxide, wliich 
formerly could only be effected with a 
welding heat of 2800° F. Such a high 
temperature is, howevlr injurious to 


the quality of the iron, and still more 
80 to that of steel, so that many 
vuieties of the latter could not be 
welded in this manner. 

To overcome this difficulty pulverised 
borax is used, which, however, cannot 
be uniformly distributed over the sur¬ 
face of the iron. Lafitte now uses 
gauze of very flexible wire, and applies 
the fluxing agent uniformly to both 
sides of the gauze, or also to paper. 
Fur small suriaces it frequently suf¬ 
fices to form a leaf from the a^lomer- 
ated fluxingf^ut and filings. Instead 
of covering the two surfaces vfiih 
powder, the w'ire gauze, which con¬ 
sists of the same materl^ as the sub¬ 
stances to be w’elded, is placed between 
them and welded in. The welding 
takes place at a much lower tempera¬ 
ture, and the fluxing agent generally 
volatilizes while the wire gauze melts 
and unites with the surface. 

(8) The ch^pest flux is a piece of 
soft clay. First get your heats to a 
cherry-red in a clear fire; then jiut dip 
in the clay. You will find it form a 
thin coat on the scarf; then put your 
heats in the fire, and when you see the 
clay run off the point of the scarf, itu 
right to weld; but be careful not to 
get your heats too hot behind the scarf. 
In shutting your heats, tap them 
lightly till you feel them to stick, 
then you can have your liammers down 
on it. 

(9) There are so many grades or 
tempers of cast-steel now in use (from 
steel nuls to surgical instruments) that 
there is a great difllculty in undm*- 
stwding what is meant 1^ cast-steel. 
The old system of steel-making was 
the converted or cemented process; 
the converted bars were welded once 
or twice, then called single or double 
shear-st^, according to treatment re¬ 
ceived. In the Huntsman or crucible 
process, the converted bars were broken 
up into small pieces and charged into 
crucibles idong with oxide of man¬ 
ganese, etc., and when melted, cast 
into ingots, hence the term cast, ito 
distii^ish from shear-steel. We^ve 
three methods by whkh cast-steel is 
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produced, i.e., Bessemer, Siemens, 
and • Huntsman (crucible) processes, 
and the various qualities and tempers 
manufactured by these are legion. 
Some of these steels will weld without 
any difficulty, and some with only the 
mutest difficulty; some kinds will 
harden very hard when plunged into 
water at a red heat, and others, when 
subject to the same treatment, will 
bend over and over without showing 
any signs of a fracture, the sudden 
cooling having made no perceptible 
difference ; yet both are cast-steel, and 
probably may have lieen made from 
the same pn^cess. Cast-stoel rails are 
sold at about 9^. per ton, cast-steel for 
tools at to 140/. per ton. 

(10) Two points must be taken into 
consideration chiefly in effecting the 
welding of steel: it is necessary to 
render the film of oxidiseil iron on the 
surfaces to l>e united by welding as 
fluid as possible, and some means must 
be found to restore to the steel the 
carbon eliminated during the process of 
heating to the welding tcm{)erature. 
Acconhng to the“ Ilevue Industrielle,” 
Rust conaid^ boric acid the most 
eflectual in performing the former, and 
fmx)cyauide of potassium in doing the 
latter. Rust considers the functions 
of the ferrocyimide to be also to restore 
to the steel nitrogen, upon which he 
looks as an important constituent of 
the metal. In 1850 a workman of 
Mulbouse, Alsace, sold the following 
recipe for a welding compound: 6.5 
parts borax, 20 of sal-ammoniac, 10 of 
potassium ferrocyanide, and 5 of colo¬ 
phony. Bust changed it as follows : 
61 of borax, 17f of sal-ammoniac, 16| 
of ferrocyanide, and 5 of colophony. 
He states that, with the aid of this 
compound, welding may be accom- 
jfliahed at a yellow-red, or at a tem¬ 
perature between the yellow-red and 
white, and that no treatment ^ neces- 
aary after welding. The borax and 
sal-ammoniac are powdered, mixed, 
^ are slowly heat^* until they melt. 
Imting is continuec! until the strong 
odour of unmonia ceases almost en- 
i^ly, a small quantity of water being 


added to make up for that lost by 
evaporation. The powdered ferro- 
cyauide is 'ihen added, together with 
the colophony, and the heating is con¬ 
tinued until a slight smell of cyanogen 
is noticed. The mixture is allowed to 
cool by spreading it out in a thin layer. 
During the process given, boric iw3id 
and chloride of sodium are formed, am¬ 
monia being expelled. The same pro¬ 
duct may therefore be obtained by 
mixing 41 • 5 jjarts boric acid, 35 of dry 
sodium chloride (salt), 15'5 to 26*7 
of potassium ferrocyanide, 7'6 of co¬ 
lophony, and 3 to 6 of dry soda car¬ 
bonate. The only trouble with this 
mixture, wliicb gives the same results, 
is that it decomposes easily, unless it 
is kept in a dry place. 

(11) broken Spriwj PUUe .—Get the 
length, and then take the part of 
broken plate which is easiest to handle, 
and upset it suitable for welding. 
Make a piece of iron g in. Wide, quite 
thin at one edge, leaving the other 
alx)ut f in. thick, something like a 
razor-blade. Take a welding heat on 
the part that has been upset, and weld 
the iron across, having the thick end 
on the point of the plate. Scarf it 
for welffing, upset the other part of 
plate, aqd scarf it so tliat when welding 
tlie piece of iron comes between the 
two steels. ' In the first heat—it can¬ 
not be done in one—don’t strike too 
hard at first, and thin down any thick 
edges of the scarfs. *Take a second 
heat, and the result will be, in the 
liands of an avcit^ smith, a go(^ sound 
weld. If the sted is at all fiery, do 
not attempt to weld it. Should there 
be a hole near the Innken place, show¬ 
ing, on being heated, any sign of a 
flaw, make a new plate, pbee of 
iron welded between facilitates the 
welding, and also makes up for tlie 
length lost in jumping. 

(12) Cmt’Iron ..—The Chinese process 
of welding cracked iron wares by 
cementing them with molten iron is 

' thusdcscribed: In thecose,for example, 
of a cast-iron pan requiring such treat- 
I ment, the o^rator commences \sy 
I breaking the edges of the fracture 
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Alight'ly with a h/imrner, no as to en- 
large the fissures, after which the 
fractured parts are plac'‘cJ aud held 
•in their natural positions by means ‘of 
VooAen braces; the i>an lieing ready, 
'crucibles made of olay are Iai(l in char- 
‘coal and ignited in a small portable 
sheet-iron furnace, witii ’liellows work¬ 
ing horizontally. 'Ah sooii .aa the 
pieces of cast-iron wifk -a'liidli the 
crucibles wore charged are fused, the 
metal is jnmred on a layer of partly 
chHrre<l husk of rough rice, previously 
spread on a thickly-doubled cloth, the 
object of this lieing to prevent the 
sudden cooling and liardening of the 
li([uid metal. While in the liquul 
state it is <|uiekly conveyed to the 
fractured pfirt umler tlie vessel, and 
forced with u jerk into the cnlargetl 
fisflunih, wliilo a pa))er rublicr is passed 
over the obtruding liquid inside of the 
vessel, making a neat, strong, 6ul>- 
staritial,Hnd in every respect thorough 
operation. 




Soap. 

XSec nho CnKANsreo, and 
Oils and Fat's.) 

(<t) The following survey of the ])fo- 
ceases of soapmanufiicture is summar¬ 
ised from a serias of Cantor lectures, 
delivereil by Dr. C. R. Alder Wright, 
F.U.S., before the Royal Society of 
Arts and reprinted by the Society’s 
permission. 

Soaps arc substances whose essential 
(composition is tliat soda, or some 
lK»dy analogous thereto, is combined 
with ail acid derived from an oily or 
fatty matter as starting {Kiint, forming 

a salt of the nature 

Natunil oils and fate, however, are 
not identical with the “fatty acids” 
derivable fnnn them; they arc, in 
truth, a sub-ulass of salts in wluuh 
fatty acids are associated not with 
an alkali or currespundiug inoi'gamo 
body analogous tlieretu, but with 
an organic material to some estent 
analogous to alkalies, but widely dif¬ 
ferent from lliem in many other 
respects; this material is glycerin, 
so that the composition of a natural 
oil or fat may (at any rate in the vast 
majority of cases) be expressed by the 

symbol corresponding 

with tlie above written analogous sym- 

The action of single decomposition 
taking place when soap is generated by 
the chemical reaction of a fat or oil (a 
“ glyceride”)upon an alkali, may then 
be expressed in the following form:— 

Fatty ] { fatty ] 

add \ -f alkali = \ acid [ + glyoerio. 

glyceriuj (alkali] 

To this change (as well as to cerfain 
other analogous ones) is applied the 
term »apmiJication. 

Staterlals.— Besides the&ttyand 
oily matters a large number of other 
analogous substances, derived not only 
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from natural sources, but also from 
various waste products, are employed ' 
in the manufacture of soaps of different 
qualities. As regards vegetablesources 
seeds and nuts(e.g., wheat and oats, ; 
rice and linseed, wtilnuts, chestnuts, 
hazel nuts, and c(x:oanuts), more 
ei^iecially, may. lie mentioueil as more 
or less markedly oleiferous. Those 
substances which contain compara¬ 
tively large amounts of oil usually 
yield it by simple j)redsure, or “ex- , 
pressiou,” as, for example, olives, [ 
cotton seed, and linseed; others, such 
a«rice,contftining loo small percentages ' 
of oily matters to yield them In quan¬ 
tity by mechanical agencies only, can 
yet be shown to be capable of yielding 
them by treatment with appropriate 
solvents, callable of dissolving out tbe 
oily matter and leaving the vegetable 
tissues, starchy matters, etc., undis¬ 
solved. This method of treiitment is 
often used in combination with press¬ 
ure, the majority of tho oil l)eing ox- 
>re8sed, and the “ marc ” or residue 
eft being then treated with solvents 
(such as benzene or bisulphide of 
carbon) for the purpose of gaining tlie 
remainder. 

Animal Tissua are mure usually 
“ rendered," i.e., heated either alone, 
or in cont£^t with water, so that the 
fatty matters may be rendered fluid, 
and (being lighter than water) may be 
skimmed off from the top; sometimes 
chemical agents are also employed for 
the purpose of decomjiosing the tissues 
in which the fat is embodied. 

AlkalieH. —As regards the sources 
from which alkalies are derived, kelpf 
the residue left on incineration of 'sea¬ 
weed, and barilla^ the similar ash of 
“8al8oda,"and other analogous plants 
were for a long time the chief sources 
of soda, thus leading to the use of the 
term “marine alkali," as applied to 
^lis substance; but, during the last 
^tuiy or BO, the production of soda 
from these sources has gradually de- 
elfised, salt being convertkl into alkali 
t^tneans d a series of processes easen- 
oonsiBUng of treatment with sul- 
phune add, -and heating the resulting 


“ salt-cake ’’ with small coal and chalk 
or limestone, Anally separating the 
soluble alkali from insoluble caloareous 
matter, etc., by means of water. Of 
late years a simpler method (the “ am- 
mouia process ") has superseded this 
“Leblanc" or saltcake process to a 
large extent, the essential feature in 
the ammonia system being the treat¬ 
ment of salt in watery solution with 
ammonia and carbonic acid gas under 
pressure. 

Potash. —Somewhat similar remarks 
apply to potash. For a long period 
this substance was obtained in a more 
or less impure form by treating the 
ashes of burnt wood, etc., with 
water, and evaporating down the clm- 
flod solution obtained, thus obtaining 
“ potashes," which, when refined, gave 
the purer and whiter material, “ pearl- 
ash " ; but latterly large deposits of a 
mineral analogous to rock salt, but 
containing the metal potassium instead 
of sodium, have been largely worked 
into the dkali potash by a method 
substantidly the same in principle as 
the Leblanc" process used in the 
soda manufacture. Some amount of 
potash also is now obtained by the 
calcination of *'sumt," or the greasy 
matters washed out of raw wool before 
spinning^d weaving into cloth. 

Potash Boa{» are usually consider¬ 
ably softer in conrislency than soda 
soaps made from the same materials, 
mure especially when,certain “fish 
oils ” or “ drying oils" are largely 
used in the manui^ture ; accordingly, 
soaps are in practice divided into two 
classes, viz., soft soaps, which mainly 
contain potash, and hard soaps, chiefly 
containing soda as the constituent 
alkali. The great majority of toilet 
soaps belong to the latter ^vision ; a 
few toilet creams and shaving soap 
pastes, etc,, however, fall into the 
former class. 

Ammonia U but little employed as 
a constituent of soap p^per as used 
for toilet purposes, although various 
processes have been patented involving 
the intermixture of ammonia.with 
potash or sodaMoaps, for the purpose 
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of increasing dotergenoc, or of oljt4dn» • 
ing other real nr supposed udvantagea. | 
The chief sources of aijimonia em¬ 
ployed industn'ally are the liquors 
(mixed with tar) obhvined by the , 
action of heat upon coal, shale, bones, ; 
and other allied organic mutters ; and 
iiioi-e es{)ecially the “gas liquor ” re- | 
suiting from the distillation of coal in . 
ordinary gasiuaking. From such 
liquui-s pure solution of ammonia, or 
“spintof hartshorn,” is obtained by 
the use of appropriate purillcfition 
meth<xls; when brought into contact 
with the various fatty acids in a just 
molten condition, and well incorjinr- 
ated therewith hy mcclianical agihiLion, 
BoJution of junmoniu coinhiues with 
the acids forming “ammonia soaTw" 
of perfectly dohnito cliaracter, but 
coosidenibly more prune to decompo¬ 
sition tlian the soapa of the fixed 
alkalies, potash and soda. In presence | 
of a slight excess of ammonia, they 
usually dissolve completely in cold 
water, forming solutions that froth 
and lather precisely as ordinary soda 
soaps; but on boiling the solution 
ammonia is given off, und a residue of 
fatty iicid cumMned with little or no | 
ammonia is left. The stvinc result is | 
brought about more slowly at ordinary I 
temperatures. When im mnmoniu i 
soap is allowed to stand under a bell- 
jar along with a dish of sulphuric {icid 
(to absorb water ami ammonia given 
off), ammonia is rapidly lost, until the 
amount left equtls one-half tliatchemi- ! 
cally equivalent to the soda present i 
in neutral soda soap from the same , 
fatty acid; the “diacid salt” thus j 
obtmued usually loses ammonia on 
further standing, but far less rapidly 
than the original neutral salt; the 
diacid ammonia salts of stearic and 
lauric acids (the leading constituents 
of tallow and cocoa-oil respectively) 
appear to be considerably leas unstable 
under these conditions than those of 
oleic and ricinoleic acids (from olive 
and castor oils respectively). 

Processes. —The processes in 
aotu^ use for the manufacture of soap 
on the large scale are tq^erably numer¬ 


ous as reganls the number of modifi¬ 
cations in gcncnil dobiil rendered 
necessary or convenient in certain 
cases ; but as reganis tlicir general 
principles tlicy may be conveniently 
ranked in four leading classes or 
groups, viz. 

iinrup J.- Processes .in which fafty 
jicids (or fiitty and resinous acids) in 
Uui free state are directly neutralised 
with alkalies (carbonated or caustic) 
so as to form soaps necessarily devoid 
of glycerin as a primary constituent. 

Groyp /7.—Prucessen in which the 
fatty glycei-ides are treated with alka¬ 
lies in such a fiishion as to saponify 
them, forming soap and setting free 
glycerin, the arrangements l)oing sucli 
that those two oomplimontary pro- 
i ducts arc iKjt Bejjjn'ated from one 
i another, but remain permanently inter¬ 
mixed. 

Group 77/. •—rrocefisca in which 
fatty glycerides are sapfmified by alka¬ 
lies in such a way tlmt the soap and 
glycerin formed are sejMrated from 
one another during manufacture so as 
ultimately to pnxluce soaps devoid of 
glycerin as an interrni.\ed constituent. 

(r'lvup 71'.—Processes virtually con- 
sisting of comiihiutiuns of methods of 
some or all of the pj-cceding types. 

llcsides these lewHng methods, how¬ 
ever, there are nuuierous aulisidiary 
processes, through wliicb soaps made 
ill jicconlance with one or mure of 
these methods are sulxsequently put, 
either separately or jointly,, for the 
purpose of finally obtaining improved 
finished products in the form of cakes 
or tableto for toilet use. 

First Grouj). — As regards the 
methods of soap manufacture placed 
in the first group, it may be noticed 
tliat whereas formerly carlionated 
alkalies were mainly u««l for the pur¬ 
pose of acting upon oleic acid so, as to 
form soap, their use is at present much 
less frequent, liecause the saving in 
cost effected by dispensing witli the 
process of causticisiiig tlm alkali is 
' now BO small (thanks to improvements 
I in alkali mauufactui-e), as not to 
counterbalance several disadvantages 
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attending their employment, mainly | cent, soda ash," a product which con- 
on account of the frotliing brought i tains about 10 per cent, of common 
about by the liberation of carbonic salt (and other saline impurities), 
acid gas. For preparing hard oleic ' When the soap is partially formed, it 
acid soaps by means of sc^, the plant ■ becomes more or leas insoluble in the 
ordinarilyemployedcousists ofasteam- i briny aqueous liquor (especially an 
jacketted pan, provided with an effi- ! addition of more salt), so that this 
<^nt agitator, such as one consisting j latter separates on standing; this 
of two sets of vertical vanes moving j “ spent lye ’* being then run off, more 
in opposite directions, in sueh wise | soda lye is added, and thelwiling con- 
that the vanes of the two sets inter* [ tinue<l, and so on in much the same 
laoe in passing each other. The oleic i way as tliat adopted in the aap)uifica- 
acid is run into the pan, and heated j tion of ordinary fats and oils by pro- 
up by admitting steam into the jacket; ' cesses of the third group, which will 
the alkaline lye (usually also heated) be referred to by and by. • In many 
is then run in gr^ually with con- cases the oleic acid is not used alone, 
tfnued agitation, its strength and • but admixed with other various fats, 
quantity being so r^ulated that the [ etc.; sometimes an oleic resin soap is 
mass finally resulting after the opera- prepared by treating oleic acid and 
tion is completed is not too moist to resin mixed together with caustic 
set into a corap^t mass on cooling, alkali, or by separately combining them 
and so that, whilst the oleic acid is with the alkali and mixing the pro- 
completely converted into oleate of ducts. In this case the compound of 
soda, there is not any considerable resin acids and alkali is prepared by 
excess of alkali present; a sensitive heating together the resin and caustic 
tongue being usually the means of alkaline lye until complete combination 
ju(^ng adopted, and a little more . has taken place, the process bdng 
oleic acid or soda lye being added, ! effected in much the same way as in 
according as the mass contains too i the case of oleic acid directly treated 
much or too Kttle caustic alkali in ^ with strong lyes, and not salt^ out 
excess to produce the desired “ bite '* i in any way. For effecting the inter* 
or touch ’* when the mass is tasted, j mixture a peculiar kind of agitator is 

When carboimted alkali is used, as j often us^, known as Morht’s steam 
in what is known as “Morfit's Pro- twirl,” consisting of a kind of rotary 
cess,” the pan is usually provided with paddle fixed inside tfie pan, and made 
a “ curb,” a sort of hoop or funnel up of a long convolu^ tulie, with 
affixed temijorarily to the top, to avoid perforations at interyals along its 
overflow during the foaming up caused length. This tubular stirrer is con* 
by the disengagement of carbonic add, nected, by means of a hollow spindle, 
which takes place in accordauoe with with the steam boiler, so that, when 
the reaction, precisely similar to that desired, steam can be admitted inside 
-.1 4 »i, % of it; in this way, not only is the 

cartoScadd } add agitator itself always kept hot by the 
(Sodaconjoined i steam, but further continuous jets of 

” I with oleic ttdd / * “*d. gteam are made to issue through the 

perforations, so that rapid heating and 
ensuing when vinegar is poured upon most effective intermixture of the 
natron. contents of the pen are brought about; 

Some manufacturers prefer to boil when resin and soda lyes containing 
the oleic acid with weaker lyes, more 10 or more parts of anhydrous soda 
or Jess causticised, and generally con- (Na^O) per 100 of resin are thus inter* 
timing an admixture of salt, such u mixed, the product is a more or less 
the liquid obtained by causticising alkaline jelly-like material consisting 
with quicklime commercial “ 48 per ' of the so^ salfiB of the resinous acids, 
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aiul more akin in physical texture to 
potash soapH than to ordinary Jiard 
soapH, hut capable of blending with 
these latter, ho as to fonn the various 
“ yellow soaps ’’ of commerce, of which 
the “ primrose ” varieties (made from 
the palest “window-glass” resin) are 
the most esteemed. 

Another substance analogous to 
oleic acid is frequently emi)loye<l in 
the same way, to form soafts by direct 
neutralisation with alkali, viz., the 
“grease” recovered from the waste 
soapy liquors from dyeworks, calico 
printing, and the like ; this recovered 
grease is usually obtained in the form 
of a mixture of free fatty acids with 
mure or less colouring Uiatter and 
other impurities, being produced 
either by addition of sulphuric acid to 
the HoHpy fluids, whereby the soap w 
decomposed, ami the fatty acitls lilxjr- 
ated float up to the top, or by forming 
a lime soa]) by tuldition of calcareous 
compounds, which lime soap is subse¬ 
quently decomposed by a mineral acid, 
'Ab a rule, this kind of grease is utterly 
unsuited fn)in its colour and dis^i-ee- 
able odour for the manufacture of 
the better class of toilet soups, even 
after as complete bleaclmig and de* 
odorisation as cati be all jcted ; but it 
is often worked up into inferior kinds 
of “brown WindMcir'’ and similar 
brown soaps, to which nitrobenzene or 
other powerful cheap scenting mate¬ 
rials are addof,h for tlie purpose of 
overpowering the unpleasant odour 
due to the fotty matters. Much the 
same remarks apply to a somewhat 
lesser extent to oleic acid soaps; un¬ 
less the acid is purified by redistilla- 
tion and other modes of treatment, 
the soap made from it is liable to bo 
too much coloured to be made into 
any other kind of toilet soap than 
“l»t)wn Windsor” and analogous 
TarietieB, whilst a peculiar faint sickly 
odour is lialde to 1[« present, requiring 
moderately strong scents to be added 
for the purpose of disguising it. 

Second Group .—This group of pro- 
oeBses may be conveniently subdivHed 
into three classes, adbrding as the 


operation is carried out at a compara- 
lively low temperature (so called 
“cold” processes), at a boiling tern- 
jxjrature without extra pressure, or at 
a still higher temperature under in¬ 
creased pressure. 

For the manufacture of soaps by t]ie 
“ cold ” process only the simplest ap¬ 
pliances are requisite, which is one of 
the reasons why this process is so largely 
employed by perfumers and others 
who prejjare their “stock” soaps 
themselves on a relatively small scale. 
A pan provkled with an agitator is, in 
point of fact, the only indispeDBabie 
piece of apparatus; the fatty matter 
heated to fusion being incorporated 
with tlie alkaline lyes in the pan, and 
the thoroughly mixed pasty mass being 
then turned out into frames, where 
the saponification is spontaneously 
completed. "When moderately large 
quantities of fatty matters (a couple of 
tons or scat a time) are to be treated, 
a “ Hawes ” boiler is conveniently 
used, consisting of an ordinary hori- 
zont^ cylindrical boiler, with a shaft 
running lliruugh its axis, and provided 
with vanes, so that, by turning the 
shaft, the materials inside the boiler 
are kept well agitated and intemuxed. 
In order to pn^uce a finished product 
not containing too large a proportion of 
water, concentrated lyes must be used; 
thus, to make a soap containing not 
more than some 25 per cent, of w'ater, 
there must be used for 200 peuts of 
fatty matter some 100 parts of soda 
lye, containing about 2S per cemt. of 
anhydrous soda (Ka,0) and about 75 
per cent, of water, including that 
present combined with the soda as 
caustic soda or sodium hydroxide 
(KaOH, or otherwise Na,0, H,0): * 
such so^ lye has a specific gravity of 
about 1*36 to 1’36 (near 37°-^8® 
Baum^). Soda lye of tliis strengUi 
only saponifies tallow and various oUia' 
kinds of fatty matter with difficulty, 

* Tbe remtlDing 2 per cent, lelng Mline 
Imparities, snch m ebloiide aad lalphuteetf 
sodium, ibis reprueots a Iblrlj pore com- 
merctal caustlo sods; but artioles of still. 
greater parity are Id the markrt. 
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weaker lyes being much more effective 
in such cases, although lyes of this 
strength (or something approaching 
thereto) are most suitable for rapidly 
acting on other classes of fatty mattci*, 
, more especially castor oil and cocivwiut 
It hence often results that j.«r- 
fumer’s toilet soaps made by tlic* cold 
process are not thoroughly Kipsniffied, 
fatty matter not jwted ujsjii, an<l the 
corresponding (juautity of uiioombined 
caustic alkali being simultaneously 
present; this latter constituent, if 
present in any quantity, renders such 
soap most objectionable and deleteri* 
ous to use for persons possessing tender 
skins, or for infants or others whose 
skins are apt to excoriate and chafe, 
or chap readily. Of late ye<ars, jiro- 
cesses for making soap at lioiue have 
been advociited on the ground of econ¬ 
omy, kitchen fat an<l waste grease 
being saved, and when a autlicient 
quantity lias accumulated, this is 
melted and strained clear, and then 
well intermixed with a soda lye pre¬ 
pared by dissolving powdered caustic 
soda in a certain quantity of warm 
water, the mixture being covered up 
to keep in the heat, and allowed to 
stand. The soap thus prepared almost 
invariably possesHCs the fault alluded 
to, i. e., the saponification is incomplete, 
so that fat umictetl upon and uncom* 
bined caustic soda are simultaneously 
present; in con8e(iuence, such soap, 
although possibly very suitable for 
scrubbing floors, or even for lauudry 
operations, can by no means be recom¬ 
mended for toilet purposes. 

In the manufacture of soft soaps 
and marine soaps (soaps chiefly made 
from cocoanut oil, and possessing the 
property of lathering with sea water), 
the appliances used essentially consist 
of a .pan or copper, provided with a 
st^km worm or coil of pipe connected 
with the boiler in such fashion that 
steam passed through the worm will 
heat up the contents of the copper. 
Frequently two worms are provided, 
(£e with perforations, so that jets of 
steam continually pass up through the 
mass of aosp when the connection 


with the Ixrtler is open, so as to Ixul 
up the coiitcniH of the copper with 
“wet” steam; the other without 
perfondions, but connected with a 
Huper-heater, or high-pressure boiler, 
80 a.8 to give the uieaiih of attainin.^ 
a higiier temperature than 100 tb 
without blowing .'.-taain <lirectJy into 
or through the in;is.s, and tlms of 
cvaj)orating water by riioauf? of “ dry ” 
ate.'wn. A curb to jn’ovent frothing 
over, and a “fan” to fjreak bubbles 
and froth, aie also nseful adjuncts. 
Tlie latter consists of a vane revolving 
on a vortical axis, aud a<ljustable at 
different elevations as require<] on that 
axis, Ku tliat it uvn be miwle to revolve 
at any desire*! horizontivl level inside 
the copper, or altogether removed 
tfierefrom. The method of working 
varies somewhat in different factories, 
in some cawes the whole of the oil or 
fatty matter to be saponified being 
introduced into the copper, and the 
alkaline lye then run in in iiortions at 
a time, and boiled u]) with wet steam 
after each addition; in others, the 
oil and alkali being both introduced 
in portions at a time. When saponi* 
fleatiou is complete, tiie maas is boiled 
down, so as to evaporate water by 
means of the dry steam coils. In the 
case of “ marine ” soaps, an a<ldition 
of salt or brine, to give increased hard- 
nefw, or (»f Bilicate of * 80 (la, to increase 
the detergent action, or of both to¬ 
gether, is usually madp by crutching 
in the uni-terials to be incorporated 
before framing or whilst in the frame; 
soaps thus treated, however, are by no 
means rlesirable materials for toilet 
use, either alone or as constituents in 
a blended mass, on account of their 
alkalinity; they are, however, occa¬ 
sionally used. 

Soaps ma<le under pressure, when 
of go(xl quality, are to some extent 
used as “stock” soaps, i.e., as the 
basis of toilet soaps prepiu^d therefrom 
by refining or blending together, or 
otherwise treating to improve the 
quality. The plant used in their 
manufacture essentially consists of a 
pressure boilel^ into whiclA the lye# 
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and fatty matter arc introduced, the 
temperature being then raised until 
the requisite pressure • is attained 
(which varies with the fatty matters, 
being the greater the less easily saponi¬ 
fied). In Dunn’s method of working, 
conijarativcly low pressures are em¬ 
ployed (20 lb. to 65 lb.), the soda 
lyes being causticised before use; in 
Dennett and Giblw’ method, carbon¬ 
ated alkali is used ill conjunction with 
much higher pressures (15 to 20 atmo- 
splieros), tlie materials being continu¬ 
ously ])umped in at one end of the 
iM.aler, and emerging as finished soup, 
ready to put in the frames, at the 
other end, ami l>eing continuously 
agiuteil whilst piissing thixiugh. 

Third Groriv .—In order to prepare 
soap on the large scale adopted by 
“soap Ijoilors" cmphiying the third 
class uf {irocess, in wliioli glycerin is 
sc|»irate<i from the soaj) during manu¬ 
facture, much the same kinds of pans 
and stoam-pipes ore employed as those 
above described, saving that their 
dimonsious arc usually materially 
greater; thus coppers capable of 
holding 60 to 40 tons, and even more, 
of soap at one operation, arc not in¬ 
frequently used. The products thus 
formed miiy iio (tiassified into three 
groups, respectively mrd, ytted and 
imtUf:d sottps ; up to a certain extent 
tiic process of prefiaringall three kinds 
is the same, the main dift'cronccH lieing 
in the later ^t*vge8. The fatty matter 
to be saponified is heated together with 
caustic lye of sp. gr. 1*0.5 to 1*09, in 
quantity not <juitc sufficient b) pro¬ 
duce complete saponification, weaker 
lye being used at first, and stronger 
being gr^ually added as the operation 
progresses; the effect of this is to 
“ kill ” the fatty matters or “goods,” 
i.e., to convert them into a kind of 
emulsion iu)t containing any visible 
grease. After this operation lias pro¬ 
ceeded to the requisite extent, a cer¬ 
tain proportion of Kult (or lirinc) is 
atldcd, whicli causes a sepivnitiou to 
take place l>clwoen the imperfect soap 
formed and the brine produced by 
the solution of the *8alt, the latter 


sinking to the bottom and retaining 
in solution the glycerin formed dur¬ 
ing the 8a}X)nification; this brine is 
then pumped away by means of a 
pump connected with the base of 
the pan, and the partially finished, 
soap Injiled up again with strouger^lye 
so as to complete the saponification. 
For curd soaps this operation is con¬ 
tinued, using the closed steam coils, 
until by evu])onition the soap acquires 
a {icculkr consistency, tlic lyes running 
away fnim the curd on standing, owing 
to the insolubility of sojtp in moderately 
strong alkaline lyes, just as it is in- 
solulilc in brine; the curd is then 
allowwl to stand awhile, and finally 
ladled or pumped out into the cooling 
frames (boxes of wood or iron capable 
of lieing taken to pieces, and held to¬ 
gether with nuts and screws), in wliich 
it conci'etcA on cooling and standing, 
forming solid blocks which ore subse¬ 
quently cut up into slabs some 2^ to 
3 inches in thickness, these being 
again cut into liars weighing some 3 lb. 
each. According to the length of 
time during which tfic boiling has been 
continued,and acconliiig to the amount 
of evapomtion tliat has taken place, 
so is tlic (quantity of water associated 
with tlio resulting curd soap variable 
lietwecu the lirnite of 20 and 45 per 
cent.; when conquu'atively weak lyes 
run away from the curd at the close, 
tlic soap is more moist than when the 
final lyes are stronger; in any case a 
certain amount of alkaline lye is apt 
to remain disseminated through the 
mass, although the majority of such 
entangled fluid separates to the bottom 
uf the cooling frames and runs away 
tlirough perforations for the purpose ; 
the presence of this lye renders un¬ 
refined curd soaps somewhat alkaline, 
and hence less fitted for toilet use than 
for laundry operations. In order to 
avoid this, when requisite, the curd is 
boiled up more tlian once with weaker 
lyes, or with weak brine alone, so as 
te wash out the entangled caustic 
solution, the lye that separates after 
each boil up lieing run off; notwith¬ 
standing, notable amounts of caustic 
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alkali and cMoride of sodium are often are intimately asscwiated ; thus the 
present in curd soaps, due to incom- soap is said to be of a fine ” or 
plebe separation of lye. Recently, a “ coarse ” fitf, acording to the amount 
patent has been taken out for the more of dilution, aud consequent separation 
complete removal of lye by means of of impurities, which accompanies the 
' a centrifugal machine in which the development of peculiar degrees of 
paety curd is placed, and it is claimed consistency, judged of in practice by 
that almost entire removal of lyes o«i taking up of a |)t)rtion of the mass on 
thus be eftecte<l with proper c&re : the a trowel and noticing how it slides off 
same result, however, is more fre* therefrom, its appearance as it cools, 
qucntly obtained by “ liquefying ” the and so on. 

soap, or “fitting” it, which openition When a curd sojip is ma<lc from 
eHsentinlly consists in thinning the materials tlwt yield, IwHide sikU soap, 
soap to a grciit e.\tent with weak lyes an admL\ture of coloured inattci's de- 
or water (jiartly derived from the rived from impurities (iron soap, hIu- 
ateam comlensed in hcatitig up with mina soap, ferruginous matters from 
wet steam after partial c(M>ling down), the pan, sulphide of iron, etxj.), the 
Ijoiling up, and then allowing to stand character of the cooled mass varies 
for a long time, when the mass sepa- notably with the amount of water 
rates into three layers, vis., a frothy present; if mucli water Iw pesent, an 
scum, or “fob,” on the to]), and at action goes on in the cooling frames 
the l>ottom an aqueous mass contain* analogous to tluit taking place in the 
ing iron (from the pans) and otlier fittinjj operation during the subse<]uent 
impurities, which, Iwing heavier, sepa- standmg, i.e., the coloured heavier 
rate on standing, and l)emg ususdly impurities more or lees completely 
very dark coloured (especially when sink to the bottom as a dark coloured 
soda lyes are used containing small layer; but if the quantity of water be 
quantities of sulphide) are known as ' not in excess of a certain amount, and 
“negur,” or “nigre”; the central I the rate of c<x)Ii«g bo properW ad- 

pm'tion, or “neat soap” is almost | justed, the matters do not subside, 

.devoid of free alkali from admixed lyes ' but rimply segregate themselves into 
and is usually colourless, or nearly so ; | veins irregularly distributed through- 
after removing the fob, the neat soap : out the mass, leaving comparatively 
is carefully ladled or pumped off iuto uncoloured soap as the matrix in which 
the cooKng frames without disturbing ' the veins run. When cut across, such 
the nigre, which is utilised in the pro* ' a soap accordingly shows a marbled or 
duction of mottled soap or other more I mottled appearance, ii’ormerly this 
coloured varieties. The fitted soap appearance was considered a guarantee 
thus obtained always contains aeon- | of quality, i.e., it intimated that the 

siderable amount of water (usually not ; amount of water present did not 

far from 33 per cent.) when undried e.xceed a certain amount (some 20-26 
by storage, whilst cunl soap that has 1 per cent.); and inasmuch as “ mottled 
been boiled on strong lye contains soaps” for this reason acquired a 
considerably less (some 20 per cent, or j reputation, it became customary to 
thereabouts); the precise amount of enhance the mottle by purposely 
associated water depending on the way I adding colouring matter, and more 
in which the final boil is effected, and especially either iron oxide or solution 
the amount of evaporation taking place ' of sulphate of iron, which, becoming 
therein when diy steam is used. The | decomposed by the soap, ultimately 
term ‘‘fitting,” strictly speaking, re- j formed ferruginous insoluble mattera 
l^M rather to the production of a in tiie inaus. “ Castile ” soap, thufi 
mass of a certain appearance.or con- | prepared from olive oil, accordingly 
sistoncy than, to the actual degree of . long enjoyed a^igh reputation, partly 
purification effected, although the two i on account of^the nature of the -qu 
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used in ite production, p^tly from the i 
existence of the mottle in it. Nowa- | 
days, however, such “appearances are i 
deceptive ” to a high degree ; a large I 
amount of misdirected ingenuity hfls | 
been brought to bear, not only on the J 
substitution of cheaper oils for olive | 
oil (a substitution not necessarily in- i 
volving a depreciation in the useful | 
qualities of the soap), but also in in¬ 
venting mctluKls of manipulation, by 
meaiiK of which a mottled apf>canince 
can Ite communicated, notwithstand¬ 
ing that the amount of water present 
very largely exceeds that comfwtible 
with tlic old-fashioned natural mottle. 
These methods essentially conHist in 
|>artially cooling down the vs’atered 
soap, and when it has gained a par¬ 
ticular ccjixsistcncy owing to thickening 
whilst cfxding, stirring in the pigment 
intended to produce the mottle, the 
segr^tion into veins tlien going on 
during the further cooling and soHdi- 
fying, just as in the true mottled 
soaps, wluch were ocjuaily tliickcned 
at !imch higher temperatures owing 
to the smaller amount of water 
present. i 

Fmtrih —Tlie principal class 

of manufacturers’ soaps coming under 
this head coasist of resin soaps, pre- | 
pared by intermixing witlk a boiled ' 
tallow or other soap of tlie curd variety j 
the resin soap obtained by boiling I 
together soda lyes and resin ; the ' 
crude product thus obtained is almost 
invariably “ fitted ” as above described 
before framing. Many of the resin | 
soaps in use, however, ore prepared by j 
acting with ^kaline lyes simidtancovsly 
on fatty matters and resin, so that the 
Ba|)onification of the glycerides and the 
direct saturation of the resin acids go 
on side by side. 

Resin soaps prepared in one or other 
oS these ways are largely used as in¬ 
gredients in blended toilet soaps, a 
more ready degree of lathering, greater 
toughness and less liability to crack in 
stamping being thus gained. Some of 
the b^t of the cheaper class of so-called 
toilet soaps arc simply htted resin 
soaps of a good ^ode (preferably 


“ primrose ” * made with the lightest 
coloured resin) cut to shape, pmidally 
dried, and stamped either with or 
without the previous addition of essen¬ 
tial oils, etc., to scent the ma88.t 
The coarser and darker resin soaps, 
however, being usually made from'" 
much lower qualities of fatty matereds 
(horse grease, kitchen fat, and similar 
low-class greases), are not to be recom¬ 
mended for np})licatiou to the skin, 
although Diey are actually used to a 
large extent in the production of soaps 
which, being tinted brown, do not re¬ 
quire the finer kinds of fats and oils in 
their preparation, so far as colour is 
I concerned; whilst being strongly 
scented (usually with cheap essentid 
oils or “ niirbane ”) the more or less 
pronouncwl disagreeable odour due to 
the coarse fats is practically disguised, 
at any rate for a time. 

I Toilet Soaps.—As regards the 
manufacture of toilet soap in genenl, 

' tliesubjectmaybeconvenientlytreated 
[ under the following heads 

I. PrefKiration of Soaps by Cold 
Procmi's. — (fi) Opaque soaps. (6) 
Tnviu{>arent soaps not prepred by cub-< 
solving stock soaps in spirit. 

II. Munvfwturr, of . TransparerU 
Smps front Stock Soaps by Treatment 
‘toiik Spirit. 

HI. Preparation of Soaps by Re- 
nuitintj.—{a) Processes of re-melting 
single kinds or blends, (ft) Incorpo¬ 
ration of ingredients for improving 
quality or giving special properties, 

IV. Machinery and Appliances em¬ 
ployed in the Preparation of Bars and 
Tablets. —(a) Manufacture of “milled *’ 
soap, (ft) Appliances used in the for¬ 
mation of tablets from blocks of molten 
soap. 

Cold Processes.—Opaque Soaps. 
On account of the simplicity of the 

! * In some diRtiluts the term "pdmroee” is 

applied, not as in ibc south of Eagltud to s 
light-coloured tallow-resin fitted soap eoDtsln- 
ing eome ;i3 per cent, of water, bat to t dti- 
tinotly inferior heavliy-watetvd article. 

; t Kesin, eitberalone, or prerloasly dissolved 
. in glycerin, is eometimes added to soap-maAes 
I fur tlie preparation of particular varieties of 
toilet soaps. 
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plant required for the manufacture of 
toilet soaps by processes of this class, 
these methods have long been em¬ 
ployed by perfumers and others, 
making comparatively high priced 
soaps on a scale small as compared 
with that adopted in large soap-boiling 
eltablishments. 

In the preparation of perfumes by 
the process known as cnjl.i‘uraiie, cakes 
of prepared fatty matters, and in some 
eases oils, arc made to al«orb the 
volatile odorous matters given off from 
delicately scented flowers, by exposing 
the cakes or oils to a gentle current 
of air passing through or over a mass 
of the flowers to be treated; or, in the 
older way of working, by making a 
pile of alternate layers of flower petals 
and cakes and allowing to stand for a 
dav or two, duri^ which time the 
volatile essential oils of the flowers are 
to a large extent alworbed by the 
cakes, when the pile is taken asundor 
and the exiiausted flowers replaced hy 
a fresh batch, and so on until the 
cakes are impregnated witli flower 
scents to tho required extent. By 
macerating in alcohol the cfikes thus 
scented, or by agitating them there¬ 
with, tho essential oils are again largely 
dissolved out from the cakes of fatty 
matter or the liquid oils thus treated, 
producing flower cssenoes used by the 
perfumer in compounding liis various 
scents and perfumes, and leaving 
behind the fatty or oily matter in¬ 
soluble in spirit. Tliis undissolved 
substance, being necessarily composed 
of fats and oils exhibiting the least 
possible tendency to become rancid 
(which, should it occur, would more 
or less deteriorate the essence ulti¬ 
mately prepared), is a most eligible 
matei^ for the preparation of a high- 
class soap, the more so as a certain 
amount of delicate perfume is always 
retained; and accordingly the manufac¬ 
ture of soap therefrom by a cold ])ro- 
cess (so as to avoid dissipating and 
deteriorating perfume as far as pos- 
sikfe). is a branch business often 
cultivated .hy the perfumer. Unfor¬ 
tunately, 'the* necessity of the case 


prohibiting the application of a high 
temperature, incomplcle saponificjition 
(causing simultaneous presence of free 
alkali and fatty matters not acted 
upon) is often exhibited by such soaps ; 
and when the grefiflincss thus produced 
' is avoided, it is iiHually only eilocted 
I by the emjdoyrncnt of <a con8idenU)]y 
I larger proportion of alkali than that 
! cliemiadly equivalent to the fatty 
' glycerides used ; so that, in any ftwe, 

I a nobible anmunt of fi’oe alkali is more 
I often present than not. 

I The amount of high-class fatty and 
I oily matter obtained as residueB from 
i flower essence preparations being abso- 
; lutely only .small in amount, these 
, materials are usually supplemented 
I with analogous substances of the ordi¬ 
nary type, such as sweet almond oil, 

, chrified beef marrow, refined lard and 
■ the like ; often these materials alone 
are employed. The fatty matters of 
selected qualities are first molted 
together and strained clear if neces¬ 
sary ; then about half tlio alkaline lyo 
! (sometimes caustic soda only, but often 
a mixture of caustic soda with a smaller 
ijuantity of caustic potash) is gradually 
iidded with continual stirring, and the 
whole thoroughly well^ intermixed; 
the remainder of the * lye is then 
gradually adde<l with continual agita¬ 
tion, the temperature notlxjingallowed 
! to rise too high (usually not beyond 
^ about 65° C.) ; after which the soap is 
I run into cooling frames much smaller 
; in dimensions than those ordinarily 
i employed by the boiler of household 
. soaps, covered up, and allowed to 
j stand : usually, the temperature rises 
! somewhat spontaneously, owing to the 
development of heat as the saponifica¬ 
tion progresses. Various tinting mate- 
rids and perfumes are usually added, 
preferably at us late a period as pos¬ 
sible consistent with the possibility of 
complete intermixture with the mass. 
Some makers reverse this mode of 
procedure, the whole of the lye being 
phiced in a suitable vessel provided 
with an agitator, and warmed, after 
which the melt^ fatty matters are 
gradually addeef' and thoroughly inoor- 
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porated. In order to obtain a resultr i 
ing product of proper consifltency, | 
lyes must be used of sycli strength 
that the total mass does not conbiin 
more than about 25 per cent, of water; 
this is effected by using for 100 parts 
of fatty matter alwut 50 prts of lye 
sp. gr. 1'35 (near to 37'’ Baume); such 
lye, if miule fn)m tolerably pure 
caustic soda, free from any consider¬ 
able amounts of chloride and sulpliate, 
contains about 23 to 24 }ter cent, of 
actual aiihy<Ii‘ous soda (Na,()), and 
al)Out 75 per cent, of water (including 
that combined with tlie soda as hy¬ 
droxide of sodium); an that alwut 
11*5 porta of anhydrous socla are em¬ 
ployed per 100 of original fatty matters. 
If cocoanut oil (finest quality) be used 
oa a |)ortion of the fatty acid mixture, 
as is often the case with French toilet 
soaps, a larger proportion of soda is 
requisite to bring about complete 
saponification without introducing too 
large an excess of alkali tlian is per- 
mitwiblo with fatty matters mainly 
consisting of stearinc and oleine, on 
account of the much lower mean 
o(]uivalent of the fatty acids contained 
therein ; pure stcarine theoretically 
requires 10*45 jjiirta of anhydrous swla 
for perfect saponification, and pure 
oleine 10*52 parts, whilst ^Imitinc 
requires 11*54, and cocoanut oil from 
14*5 to 15 pirts. 

The great fault of all processes of 
this class is that on account of the 
mrying amounts of impurity apt to 
l>e present in the alkali used, aiul of 
the different equivalents of the^various 
fatty acids contained in the material, 
it is almost impossiUc to rely upon 
obtaining profincts of cractlij tlu‘ same 
character by adhtTing to any routine 
•method of procedure ; if eerbiiii propor¬ 
tions are fixed upon as giving a gotxi 
yield on the average, some batches arc 
liable to contain an excess of alkali to 
an objectionable extent, and others to 
contain un8a|X)uifiod fat on account 
of t)ie presence of too little actual 
caustic soda in the lyes used to eflect 
saponification ; these defects being 
quite apart the circumstance 


tliat it is by no means uncommon to 
fin<l that unsaj>ouified fat and free 
alkali are simultaneously present, 
owing to incomplete reaction between 
! the materials employed ; for which 
reasons soaps prejiar^ by boiling and 
sulwcquent purification by fitting, or 
other equivalent processes, are greatly 
to be preferred to soaps made by the 
cold process. 

(5) Transparent Soaps mude by Cold 
Processes. —It haa long lieen known 
that when tallow or other analogous 
i soaps are dried and dissolved in alco- 
I hoi, the solution obtained when evapo¬ 
rated leaves the soap liehind as a trans¬ 
lucent mass; the peculiar molecular 
constitution of soap, as thus obtained, 
is s|>ontaneouHly assumed to a greater 
or lesser extent ty certain kimls of 
soap when prepared by the cold pro¬ 
cess, notably in the case of cnsto^oil 
soda soap. Addition of a little spirit 
of wine, or of more glycerin than is 
formed during tlie saponification, 
greatly facilitates tlie production of this 
colloid” form of soap, whilst the 
same result is also brought about by 
the incorporation with the mass of 
sugar, and to some extent of other 
Bul«tanceB, notably petroleum. To 
80 great an extent is this result effected 
when a considerable amount of sugar 
is added (15 to 30 per cent.) that 
under suitable conditions tallow may 
be largely incorporated witli the mAJw 
of fatty matter used, without inter- 
I fering with the transparency, provided 
I tiiat the saponification is carri^ out in 
j such a manner as to be complete, i.e., 
that no unsaponified stearic glyceride 
remains in the product, otherwise 
muddinesB or spottineas is apt to re- 
^•ult. In order to make sure that all 
the fatty matters employed are actually 
Hiponified, it is usual in this country 
to add a quantity of caustic soda solu¬ 
tion, notably in excess of that chemi¬ 
cally equivalent to the fotty acids, the 
excess as found by analysis of many 
kinds of commej’cial products of British 
origin usually varying from about f to 
J (15 to 25 percent.) of the soda actu¬ 
ally pr^nt in the form of soap. 
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II.— Trampiirmt Soaps-madf from. 
Stock Soaps by Soiation in Boding 
Spirit. —It has long been known that 
ordinary household soaps, when more 
or leas deprived of water and dissolved 
in strong spirit of wine, are thus sepa- 
* rated to a great extent from saline 
m&tterK,fluch ai) sulphate and carbonate 
of soda ; so that the solution thus ob¬ 
tained usually contains a less amount 
of free alkali relatively to the actual 
soap prcKent than was originally 
present; and, further, tiiat tlie alco¬ 
holic solution thus obtained furnishes 
by <listilling otf the spirit a mass of 
purified soap wliich is more or less 
clear and translucent after standing 
until the hwt traces of spirit have 
almost completely evaporated. Ac¬ 
cordingly such purifie(l soaps, made 
from first-class fatty matters in the 
first instance, have long enjoyed a de¬ 
servedly high reputation aa toilet 
soaps, not only on account of their 
|fieasing appearance (espocially when 
judiciously tinted), but also on account 
of their freedom from irritating action 
on sensitive skins through the absence ' 
of free alkali in any notable quantity. 
Further, an admixture of purified gly¬ 
cerin with the mass has long l^n 
known as improving the soap, not only ; 
by aiding the transparency, but also ! 
by rendering the mass more bland and 
emollient in use ; whilst certain kinds 
of resin, or of resin and glycerin jointly, 1 
alk> pn^uce mu(di the same effect. | 
From the point of view of the 
method of manufacture, the class of i 
soaps now under consideration is quite I 
distinct from those varieties of “cold ! 
process” soaps wbicli are rendered 
trajisparent by the intermixture of 
alcohol with the mass at a certain 
stage of the opemtion, although the 
physical effect upon the resulting soap 
is much the same in each caee, a 
colloid modification being thereby 
generated. In particular the cold 
process transparent scape are practi¬ 
cally (though not necessarily and un- 
awkiably) always intensely alkaline ; i 
whilst the true spirit-made transparent I 
soaps now under discussion are (when ^ 


properly prepared) pnactically neutial, 
partly because they are usually made 
from fitted joaps containing little or 
no free alkali, and partly b^use the 
solution in alcohol eliminates alkaline 
salts to a very largo extent, if not en¬ 
tirely, should they have been present 
in the original stock. 

During the process of solution, which 
is effected in a (wvered vessel forming 
a kind of still, the alcohol vapour given 
off is condensed by n worm, either 
running back to the diasolving vessel, 
or being kept apart. It is stated that 
crude methylated spirit, when first 
used for thus dissolving soap, furnislies 
a much less unpleasantly smelling dis¬ 
tillate, and a similar improvement 
takes place at each subsequent time 
of using, so that ultimately a spirit is 
obtain^ nearly free from the rankness 
of the original substance, and conse¬ 
quently capable of giving a much* 
letter product, especially if employed 
to dissolve a better class of stock soap. 
If a transparent soap containing a high 
percentage of soap is required, it is 
indispensable that the residue left in 
I the still, after distilling off as much 
I spirit as possible, should be exposed 
I to slightly warm air for a lengthened 
period, in order to allow of the removal 
by evaporation of the last portions of 
alcohol and water (the latter being 
mainly that originally contained in the 
stock soap, which, though usually 
shaved and dried as subsequently 
described in the case of milled soaps, 
is rarely rendered actually anhydrous 
before treatment). Complete trans¬ 
parency, in fact, is not shown by the 
raw product, which is usually very 
I muddy until clarified by long standing 
and evap(»ration of alcohol, etc. The 
development of [jerfect clearness is 
coiiHiderably facilitated by the presence 
of glycerin or cane sugar to the extent 
of some 10 to 16 per cent.; resin 
soaps, other things being equal, usually 
yield clearer products thaii soaps not 
containing resin. A good “primrose " 
soap thus clarified and rendered trans¬ 
parent l)y solution in alcohol, fumishw 
a product veryi little colourod, about 
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the tint of Tcry li^ht golden sherry ; 
most of the transparent soap of this 
class OH sold, however, is njucli darker, 
probably from the use of cheaper and 
darker stock soaps, or from the de* 
vclopment of colour either by altera¬ 
tion of certain constituents in impure 
alcohol, or by the action of air upon 
the original stock soap, causing brown¬ 
ing. In order to obtain a product of 
uniform ap])eaninco, the liglitcr 
coloured batclios cun be deepened in 
tone by addition of caramel or other I 
convenient soluble colouring matter. I 
III .—Rcnichrd Smjm. —(<i) A con* ; 
siderahle fraction of the various toilet ' 
soaps of Britisli make are prepared by 
blending together ditterent varieties, 
by the simple process of remelting 
them together in a pan provided with 
a steam jacket. Sometimes the Iwrs 
to be melted are arranged vertically or 
horiisontally around the sides of the 
pan, in which a little water is first 
placed to avoid drying, and are left to 
themselves to soften and run down 
gradually, more being similarly added 
from time to time, and the whole mass 
‘being finally well intermixed by stir¬ 
ring or ‘'cruUdiing” by hand, and 
then cast in frames of smaller dimen¬ 
sions than those unmilly employed by 
the soap-lx)i]er; in other cases, tlie 
pans are provided with mechanical 
stirring nr erutching arraugeincnU, 
workwl either continuously or inter¬ 
mittently ; sometimes, to facilitate | 
the fusion, the bars of soap employed i 
are reduceil to cliips or shavings by 
means of a kind of plane worked Ly 
hand, or by a rotating blade att\xe<l to 
a disc, and acting on the same principle. 
Certain proctic^ minutiie require to 
be carefully attended to, in order to 
obtain a good result with certain kinds 
of soaps, more especially when several 
varieties are to be blended together; 
thus, if the heating be carried on too 
long, in certain cases the mass tliickens 
in consistency, not merely fi'om diying 
by evaporation, but also in conse¬ 
quence of a physical alteration in tex¬ 
ture ; if too much agitated, especially 
with a rotary stirrer, tlaere is a liability 


to incorjKirate air bubbles with the 
mass,rendering it vesicular and spong}', 
which is apt to deteriorate the finish 
of the tablets ultimately formed, 
although it communicates to them 
the convenient property of not sinking 
in water, so tliat when in use, the 
tablet does not subside,to the bottdln 
of the luth or liasin, but fioats. If 
incompletely heated or stirred, small 
masses of uufused soap are dissemi¬ 
nated throughout the whole like plums 
in a pudding, giving a spotted and 
s})cck!e<l apjiearancc, especially when 
colouring matters arc iwlded so as to 
tint the sofvp. Such colouring matters, 
when adiled in the form of pigments, 
reijuire to Ikj thorouglily ground and 
I levigated, so os to reduce them to im- 
1 paljiabiu fKiwder, otherwise they arc 
apt to render the soap gritty ; when 
soluble colours arc used, they may, 
conveniently Ixs previously dissolve 
I in some appropriate menstruum, such 
' as alcohol ora lx>iHng ocjueous solution 
of soap. Pigments containing poison* 
uus metals, especially mercury, lead, 
arsenic, and copi)er, should be care* 
fully avoided; for although the pre* 
aenco of small quantities-of insoluble 
compounds of these metals in the 
lather produced during use is not likely 
to affect }>er8ons with healthy skins, 
there is a possibility, in certain cases, 
of injurious action ; and all such con¬ 
tingencies, even though very remote, 

' should be avoided in a high-claaa 
article. At the present day, however, 
vermilion, red lead, and analogous 
poisonous metallic pigments of this 
class, are freiiuently used, principally 
liecause soaps thus tinted w'ill bear 
exposure to ” light without fading, 
whilst if organic (natural or ud.ificial) 
n<m-poi«onou8 colours be employed, 
tliere is freiiuently a great liability to 
bleaching of the colour by exposure to 
light, for example, in a shop window.» 

(b) It is obvious that the process, of 
remelting and blending together vari¬ 
ous kinds of stock soaps is. not capable 
per »e of diminishing ^the average 
amount of free alkali present in the 
materials; but by the addition oi 
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suiUhlc ingredients t<» the iimss, mure tho free alkali hy iieutraliHation, there 
or leas coinplcle removal of free alkali Ixjing i«) constituent capable of so 
may l)e bnuigltt about. In certain acting in the colouring matters used, 
cases tlu.s result is to some extent ! Metallic salts, other than those of 
effcctetl by incorporating witli the , iron, lutve usually the disadvantage, 
mass a small percentage either of resin not only of introducing into the com- 
(alouc or {Ussuhedin glycerin), or oleic i iKosition metallic substances often of 
acid, or even palm oil or otlier cAsily | an objw;ti<>nable character, but also 
saj,ximfiable glyceride, a |)artial saiKuii- | (like iron) of developing more or less 
ficatiun then taking pbicc, so that the j markwl colour in the mass, so as to 
excess of alkali becomes mure or less | interfere with tlie production either 
neutralised by combination with fatty I of untinted jiroducU or of tablets 
or resinous acids ; but these methods i tinted to fancy ; it is evident tliat if 
are by no means universjilly applicable | instead of a meUdlic oxide remaining 
with advantage, although in ccrbiin ' j>ermanently in the mass, there could 
cases they are highly convenient, more i dcvelojted a volatile substjincc re- 
esjwcially for scouring soaps used in ' movable by cv.i|H>ratio!i, these objec* 
(«rU«n industrial processes in cunnec* , tions would be olndatcd, wliilst the 
tion with textile fabrics. Boric acid \ a<lvantage of ncutnilisaLion of excess 
has also been employed for the pur- j of alkali would l>c retained. Such a 
pose, the product oi its combination result I have recently found to be 
witli the excess of sckU (Iwrax) Iwing brouglit alK)ut by the cmi)loymeiit of 
well known ^ a useful variety of asalt of ammonia (such as the clilorido 
detergent analogous to silicate and or sulpliate) which, wdicn incorporated 
aluminatc of soda, more esi>ecially in 1 with the aoop in quantity chemically 
soaps intended for the laundry, Iwrax ' et^uivalont to the amount of free alkali 
being reputed to have a whitening to Ix) eliminated (a projwrtion mwlily 
action on linen, etc., cleansed there- j asccrUiinable by analysis of tho mate* 
with; whether it is of etjuol advantage j rials), gives rise to the j)i*oduction of 
when applied to the human skin, how- j a neutral alkaline salt by tlio reaction 
ever, may well Ijo doubted. { of tho ammoniacal salt on tlio free 

Certain metallic salts, noUbly suI- ; alkali, and of free ammonia mixed 
phate of iron, liave for many years i M’ith nibre or less carbonate of am- 
beon used as an atlmixture in various j monia (according as tlie free alkali 
highly cstocmed soaps, their action | was caustic or carbonated), which 
partly consisting in neutralisation of i latter eomiwunds cvaj'wrate aiul aj’e 
free alkali by combination therewith ; removed, jiartly at tho moment of 
of the acid of the mehiUic salt, whilst | intermixture, but more especially 
the metallic oxide is set free and serves i during the subsequent mechanical 
as a colouring matter ; thus “ Castile ” I pnwesses through which the soap has 
soap of the old fashioneil kind (a far to l»e put in orrler tf> ])rei)are finished 
superior article to much now sold ; tiblets, the slabs, Ijars, and jiartly 
under that name) is produced by add- j formed tfiblets, etc., being uecessarily 
ing sulphate of iron to the cunl, so exposed to tlie air for drying and 
that some of the free alkali becomes hardiniing before tho finislied tablets 
converted into sulphate of soda, whilst are fit for Iwxing and sending into 
the oxide of iron formed as comple- the market, during which period prac- 
’ mentary product ultimately gives rise tically all the ammonia and carbonate 
to the peculiar mottle cliaracteristie j of ammonia evaporate. Even should 
of that kind of soap. Of course the i traces of ammonia be retained, they 
modern mottles formed by ineorjwnit- are of no prai;tical conseijuence, inas- 
ftig oxide ofriron as sucli, or analogous much as this form of alkali, os is well 
pigments,^ are incai>able of producing known, is comparatively destitute of 
any action of the nature of diminishing the corrosive Action on animal tissues 
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exerLcd by the fixed allculiea- pottwli, 
and esyietdally stxla—wlionco the use 
of ainnioiiiiiwU fluids in certAin KtAges 
of the woolieii iudustries where fixed 
alkalies would seriously injure the 
fabrics. Aciiordingly the jiatentcd j 
processes founded on these oliservn* ; 
lions all'ord a sinpde and convenient 
method of getting rid of that//<%' voire 
of the toilet soap reliner, the uneorn- 
bined alkali naturally jiresent in the | 
stock soaps employed by him as re* 
ceived from the soap boiler ami whole¬ 
sale manufacture. Obviously the 
de-alkalisation by this jiroeess win also 
lie carried out in the prepiratiou of 
tlie stock soaps themselves. 

Filling.—The various bodies thus 
added naturally fall into three classes, 
viz., (1) substances which are added in 
small quantity, not as “filling,” but 
in order to improve the tiuality, Juid 
which actually do jtroduoe that result 
to a greater or lesser extent, without 
introducing any serious eounterlialan* 
oiiig injury to tiie product ue a whole; 
(2) substances added in quantity m 
“filling," but not producing any 
serious injury by their own nature; 
and (3) bodies distinctly objcotiouablc 
in their nature wlion intermixed with 
soaps intended for luihitual everyday 
use by the general j)ublic, find not 
under sjwcial medical advice. 

Amongst bodies of the first class 
may lie mentioned certain finely- 
powdere<lroots, etc., (r.//., orri«), us^ 
as perfuming agents, vtuiditw, ifpmna- 
ccti, hce^tikix, ozokerite, and analogous 
substances sometimes employed for 
the i)urpose of developing a bland 
emollient kind of feeling in use, Oi-y- 
cerin, cither in the quantity formed by 
the natural saponification of glycerides 
(as in the cold process), or added in 
addition tcj a further extent, may also 
be fairly ranked amongst these sub¬ 
stances, i.e., when employed in a suffi¬ 
ciently pure state. 

Amongst the substances of the 
second class which can hardly be re- 
gardedae absolutely injurious,although 
their presence is at least of doubtful 
benefit, may be notice(f the following, 


when iwldcd in such quantities as to 
actiw “ filling” or cheapening agents : 
Oatmui}, jlmir, i/lutcn, tjdatin, dextrin, 
hriin, sUirclirs of various kinds, pow¬ 
dered steatite SJ]d Prmck chdk,* citinn 
chty, pipedny, and fuller's earth ; and ^ 
purified petroleum (in transparent 
soaps). 

The following Bubstances may be 
named as maLorials belonging to the 
third chMs, i.e., substAiices used for 
iucorpomliou with so-called “toilet ” 
soaps, the absence of wluch would be 
far preferable to their i>rcsence, no 
benclit of any kind, but distiuctly the 
reverse, iiccruing to a tender skin fif>m 
tbeircmpluymeiit: 6'aM’titi3/,andipotK/y 
tissues not in imjMilpable powder, sawt, 
wmice sUnu:, ami yritty uiattirs of all 
xinds, unrefiued petroleum and shale 
oils, crude coal aiJ<l wood tars, naphtha' 
line, creosote, and analogous coed tar 
oils,^ and, par cxcdlawc, edkalhw salts * 

* Sometimes these maferUls &rr stimd up 
with water to a tbli) paste, which is ran into 
the remelted soap ami well incorporated by 
criitchinK, the final product belnd sold to a 
creduloUB public as “ milk " aodp ' Whan dis* 
solved in hot water, and the liquid allowed to 
stand, thu whiti' L'Iaye,V intermixed matter 
sulisldes, and is readily discmiible 

t A large variety of “ niedlcab’d'* soups, 
containing mure or Uas considerable quaiitabw 
of Biilxttances referable to the dininfectaut 
class, are in the market. In a large number 
of cases, the amount of nedicuting material 
tlius in('i;rpuraU'd (thymol, U'rebeiic, eucalyp¬ 
tus oil, oxidised turpentine oils, camphor iiiui 
Himllar materials) is so small relatively to the 
maas of aonp us to bavc little more Influence 
on tbe qualities of tbe whole tban the as^entUl 
oils, etc., used as perfumes. Such wiaps, when 
otherwise of ^hI quality (by no meaiw Invari¬ 
ably the case), may generally be used fur hdlet 
purposes with safety, even by peisons posses¬ 
sing pretty sensitive skins; but when any con¬ 
siderable quantity of a powerful agent (such 
as carbolic acid, orooal-tar oils containing It) 
is present, such soa|M ihouU mXy be tued by 
tender-thinned individuals under nfdtccd 
advice. In certain caws, tbe impregnation of 
soap with drugs (each as mercurial prepara¬ 
tions) forms a moat convenient wav uf exhibit- - 
ing the latter to patients requiring them; on 
tbeotber hand, various soaps exist whiL-h claim 
to contain curative agents not really present 
at all—«,p., sttlpAur. 'Phe use of powerfhl 
disinfecting «oapi in sick chambers and for 
nurses, for waBblng linen, furniture, et«.. In 
case of iUness, ami simiUr purpo^ei, is, of 
I ooone, an entirely different tnlng from tbe 
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of all kinds, especially pcarlash, soda 
crystals, and silicate of soda. Any 
large admixture of neutral salts, such 
as sulphates and chlorides (several per 
cents.), added as hardening agents to 
4 hide watering, is also to be deprecated, 
t^ie more so as they usually accompany 
the use of inferior materials in the first 
place. 

Killed Soaps.—It lias long been 
known to perfumers and others work* 
ing on a small scale, that by well 
pounding in a mortar soaps mi^e by 
the cold process a thorough intermix* 
ture is effected, and in some cases a 
peculiar texture, or pearly scaly ap* 
pearance, becomes developed. Of late 
years these operations, formerly carried 
out laboriously by hand labour, have 
been effected by machinery; and the 
result of successive improvements in 
this direction has been finally to de* 
Velop a system of manufacture possess* 
ing a number of advantages, one of the 
most salient of which is that being 
carried out without heating the soap 
to any marked extent, the most deli* 
cate flower essences, xn^e by cnjtow- 
age, can be incorporated with soap in 
this way without deterioration of per* 
fume, such-as would inevitably result 
were these scents employed in oonuee* 
tion with molten soap. Another ad* 
vantage is, that the mechanical crush* 
ing and intermixing effected by a proper 
miir’causeu soap that has been arti* 
ficially dried to some extent since 
manufacture to acquire a certain degree 
of plasticity, so as to enable it to be 
moulded into shape, sonsewhat as stale 
hardened glaziers’ putty can i)e made 
plastic again by “workiQg”it for some 
time ; so that, in the end, the result 
is the production of tablets contwning 
smaller amounts of moisture than those 
formed by remelting processes, and 
consequently not requiring any long 


hsUtoal employmsnt under ordinary eoadi- 
ttone of sueb Msps fbr the usual personal tblu* 
tiODSi bdt It may well be doubted, even tu 
tbMB'-eaaie, wbetoer it would oot be preferable 
to use onltnary eoep, and abuply diceolve ttie 
dlriaftcting materlai to tbe r quired eiteut la 
ibe water etr^lcyed. 


exposure to warm air to dry and harden 
them before Iwxing for sale. 

Tlie manufactui-e of “milled” soaps, 
is usually carried out by chipping up 
into sliavings the bars of “stock” 
soaps used basis, and subjecting the 
cliippings to the drying action of a 
current of warm air for some nours, a 
series of latticed trays (or with {)erfo- 
rated bottoms) being employed to hold 
the shavingH, arranged vertically one 
above the other in a drying chamber, 
and sliding in grooves in the walls, so 
as to be readily inserted or withdrawn 
at pleasure. At the base of the 
chamber hot water or steam pipes run 
so as to create an upward current of 
warmed air passing though the masses 
of shavings piled up on the trays, fresh 
air being Emitted at the bottom. 
Sometimes the chamber is fitted, nut 
with steam or water pipes, but with a 
subsidiary heating vessel consisting of 
a convoluted steam pipe arranged in* 
side a wider tube tlirough which a 
currect of air is made to pass, pro¬ 
filed by a blowing engine, a fan, or 
falling water, or aspint^ through by 
connecting the upper pari of the dry¬ 
ing chamber with a chimney or steam' 
draft. 

The slicing up of the soap is usually 
effected a machine, consisting of one 
or more blades, set like the cutting 
iron of a plane radially along a disc 
(precisely as in certain forms of house¬ 
hold vegetable sheers). Sometimes all 
the soap is dried down to the required 
point; sometimes part is pretty 
thoroughly dried, and the rest used 
undried. The sheers are placed in a 
hopper, which gradually delivers them 
between two horizontal rollers nearly 
in contact (preferably of granite), 
arranged somewhat after the fashion of 
a large coffee-mill; the gearing, how¬ 
ever, is au arranged that one of these 
rullers (No. 2) rotates faster than the 
other (No. 1), so that the soap shcee 
are not merely crushed in passing 
between the rollers, but are also sub¬ 
jected to a rubbing action. In constf*' 
quence, the partially crushed material 
adheres I 7 priferenoe to the roller 
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moving with greater speed (No. 2), and 
is carried along with that roller for a- 
half revolution or thereabouts, when 
it finds itself between roller No. 2 and 
another similar one (No. 3) moving still 
faster. In consequence, another 
crushing and rubbing action is set up 
(the distance between the rollers being 
suitably adjusted), and the matenal 
becomes tr^sfen^ to No. 3 roller. 
Sometimes a fourth roller, moving still 
^ter, is employed, and even a fifth 
on the same principle. Whatever the 
number of rollers, the film of thick 
doughy soap paste adhering to the last 
roller is scraped by two sets of 
doctors withalteruately placedscrapers, 
so as to deliver the scrapings into a box 
in the form of pasty ribbons some half- 
inch wide. These ribbons are tlien 
transferred back to tlie original hopper, 
and the intern^ture and crushing re¬ 
peated, colouring matter, scents, and 
other ingredients being added and 
mteruiz^ ad during the mill* 
iog. Usually the materials pass tliree 
or four times successively, or even 
more often, through the qlUI before 
they are ground to a perfectly uniform 
paste ; a certain amount of warmth is 
communicated to the mass by the fric* 
tion and crushing, which heat must 
not be allowed to rise to too high an 
extent. 

The ribbons finally obtained are next 
transferred to a machine, by means of 
whi(^ they are compressed and shaped 
into bars, which operation is known as 
“ plotting ” (pc/ofo^/e). Two principal 
classes of macliinea are used for this 
purpose \ one essentially oonaists of an 
engine cylinder filled with the ribbons, 
which are compressed by means of a 
hydraulic ram,* and finally “squirted” 
out through a nozzle of such dimensions 
and sliape as may be requisite to form 
a bar of the desired cross-section; 
Amch as lead and “ oompo ” tubes for 
gas and water supply are manufactured, 

* in the older forms of “ canoon ” nuofaine 
a powerful Mrew, worked by steua, Is need to 
MtQAte the piston which compreues the rib* 
eons into a solid mass, and efecta them as a 
miipact bar. * 


I except that no cooling'of the emerging 
mass is required. The other kind of 
machine is a modification of the well- 
known “pug-uhH”used in the pottery 
manufacture, consisting of a powerful 
horizontal conical screw fitting pretty 
closely into a conical barrel, with ^ 
hopper at the top of the wider end. 
As the screw revolves, the ribbons fall 
down from the hopper and are caught 
in tlie thread of the screw, issuing 
under greatly increased pressure owing 
to the conic^ity. At the narrow eud 
of the conical barrel the mass passes 
through a plate perforated witir a large 
uumbtf of holes, so that it emerges 
therefit)mas anumlwruf parallel ro^: 
the via a teryo causes these to weld 
thoroughly together, and to pass 
through a tapering mouthpece fur¬ 
nished at the exit eud with a die, or 
stout metal plate perforated with an 
orifice of the dimeusions of the cross- 
section of the bar ultimately required 
(t.c., round, oval, square, rectangular, 
or otherwise as desired). Finally, the 
bars are cut up iransvertfely into blocks, 
which are stamped into tablets, and 
boxed for sale after a certain amount 
of standing, with exposure to air, to 
harden, and such dressing and polish¬ 
ing, etc., as may be required to give a 
nice “ finish." 

When required to produce a soap 
free from uncombined fixed alkali from 
stock soaps containing “ free alkali," 
this may be effected in the mill, in ac¬ 
cordance with the patented process re¬ 
ferred to in a former lecture, by adding 
to the shavings, before their fint pas¬ 
sage through, an amount of an ammo- 
niacal salt (such as the chloride or 
sulphate) equivalent to the average 
free alksji in the stock, preferably (m- 
solved in as little warm water as possi¬ 
ble. During the successive grindings, 
theammonia and carbonate of ammonia 
formed during the neutralisation of 
the free alkali become practically all 
removed by evaporation, which rradily 
takes pla^ from the tliin^ ribbons 
scraped qS by the doctors. ' * 

Tablets. —The bars produced by 
the plotting machines above deacribed 
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simply want cutting into suitable 
lengths, and allowing to sUnd awhile, 
to be ready for the stanipiiig openition 
which converts tlie pieces into tablets. 
For this purpose, machines are em¬ 
ployed in whicli the block of soap (pre¬ 
viously lubricaited slightly with oil, 
glycerin, odourless petroleum, gum 
water, such as that made by adding 
water to “slippery elm,”or other ana¬ 
logous substances) is compressed 
between a {)air of dies, fitting within a 
ring or box, which determines the size 
of the tablet. A large variety of 
stamping machines for this purpose 
exist; in most, the impression is given 
by iujpact (as in stamping medals and 
coins), the dies being actuated by a 
lever, or combination of levers, a cam, 
a powerful screw, or other suitable 
mechanical arrangement, such that a 
consideroble pressure is given for the 
instant, and intensified by the momen¬ 
tum of heavy moving parts. In some 
machines, the upper die driven after 
the fashion of a pile driver; in others, 
a powerful pressure is developed by 
hydraulic agency. A succossion of 
blows is sometimes desirable; some¬ 
times the tablets are sliapod by means 
of blank dies, and then dried awhile, 
and subsequently stamped again with 
the final dies, cut so as to give the 
proper impression. For light work, a 
press worked by the foot or hand 
suffices; for other kinds, stamps 
driven by steam power are required. 

In the case of remelted soaps, and 
cold process or other varieties neces¬ 
sarily cast into blocks, the preparation 
of b^ from the cooled blocks requires 
to be performed previously to cutting 
and stuping into tablets. The oldest 
and simplest method of procedure con¬ 
sists in drawing a thin wire, provided 
with handles at the ends, through the 
block horizontally, the operation being 
usually carried out by two men to¬ 
gether, the exact line of cutting being 
previously marked out on the block; 
the slabs thus {vepared are then cut 
into bars, either in the same way, 
or a hand-machine carrying a wire, 
which sUees-off at each stroke a por¬ 


tion of the slab, f(»rming a Ijar, the 
width of which is regulated by a gauge. 
A variety ,of slabbing and barring 
jnacliines are in use for ooriying out 
these operations more rapidly and 
effectively when lai^ quantities have 
to lie dailt with, as in the manufacture 
of household soajis ; for the moat pirt 
these consist of a travelling platform, 
on \vhieli the mass of soap rests, and 
by means of which the soap is pro¬ 
pelled against one or more strained 
wires, so that, as the soap travels, the 
wire cuts it into slabs or slices. In 
some machines, two sets of wires are 
usetl; one a series of parallel vertical 
wires, the otlier a similar series ar¬ 
ranged horizontally, so that one motion 
of the travelling platform effects the 
division of a block into slalis, and also 
of each of these slabs into bars. These 
methods of cutting up ultimately 
result in the production of rectangulflu* 
parallelepipeds of soap. To convert 
these into tablets, they are exposed 
to slightly warmed air fur a ^ort 
time, so as to produce a surface-film 
of slightly dried soap, and thus avoid 
sticking to the dies when they are 
stami)ed. Tablets thus prejured are 
usually made from parallelepipeds 
smaller than the dies, so th&t the 
plastic ^nass is squeez^ out and en¬ 
larged 8uj)erficially (and oorrespoml- 
ingly dimiuished in thickness) during 
stamping. A more or less strongly 
defined nearly square or oblong mark 
is apt to be thus produced, indicating 
the hardened edges of the small block, 
and to some extent disfiguring the 
tablet. To diminish and avoid this 
tendency, the parallelopipeds are often 
“dressed,” or “shaped,” by liand or 
othenviflo, before stmnping, so as to 
attain approximately the shape of the 
finished tablet, a kind of knife, or a 
“ soap-plane,” or a mechanical cutter, 
being employed for the purpose. The 
scraps thus produced, together with 
the ends of the bars and the outrides 
of the blocks cut off to trim them 
before slabbing, etc., often amount to 
a very considerable fraction of the 
block, especifily when of oompara- 
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tively Bmall dimensions ; thus, from 
25 to 33 per cent, of the block, and 
sometimes more (if the * block has 
shrunk irregularly in cooling, requiring 
a thicker outside slice to be removed 
in (Ireswing), is usually reduced to 
scrap, which has to be utilised by re- 
meltiug, either by itself or along with 
the next batch of the same, kind. 
This, of course, enbuls loss of lalx)ur 
and Linie, whilst jwfume is lost by 
volatilisation, an<l frequently the soaj) 
-is somewliat <leton<ji'Ht'*d, especially if 
the scrap has to lie by and hanleu for 
some time l)efore kdug used up for an¬ 
other l»tchof the.samecolourandkind. 

In onler to avoM or diminisli this 
waste, it has l)eenfr(equently^ttempted 
to form the ciwt blocks into bars by 
compression, without cutting; but 
hitherto the processes suggeftted for 
this pur^^use do not seem to have come 
largely into use. One of the earliest 
methods proposed consisted in placing 
the block in the barrel of a kind of 
gi^ntic syringe, furnished with a 
piston, by means of which the mass 
of scrap is gradually forced out tlm)Ugh 
a plate perforated with holes, each of 
which acts like the die-plate of the 
barring machincB already described in 
connection with milled soajWj^o that 
the soap emerges as a nericK of bars. 
Recently, further developments of 
this idea have been pateuted, a hy¬ 
draulic ram l)eing used to give the 
retiuisite pressure, with a special ar¬ 
rangement for the introduction of 
fresh soap after completion of the first 
stroke. With soaps sufficiently moist 
and plastic to “give" under pressure 
and weld togethercompletely, machines 
of this sort can be employ^ to pro¬ 
duce fairly compact bars; but many 
Comp()8ition8 U8<^ for toilet swips crack 
and flake, when thus treated, to such 
an extent that the bars ultimately 
formed cannot be worked up satisfac¬ 
torily into tablets, inasmuch as, al¬ 
though the tablets formed look all 
right when finislied, yet they are liable 
to break into pieces when used for 
washing hands, etc. ^ 

A recent patent of Dr. C. R. Alder 
4 


Wright’s avoids this inconvenience, 
and also does away with the necessity 
of using moulds or fram^ for casting 
the soa}) into blocks, the molten soap 
being “squirted" directly into bars 
by means of a syringe-like arrangement 
profielling the soap through cooling 
tubes surrounded by wafer at a proper 
temperature, and finally through one 
or more moderately long final cooling 
and shaping tubes, furnished with 
nozzles at the far ends determining 
tlie dimensions of the cross-sections 
of the bars that emerge. W’hen the 
tem|)eniturefi of the cooling tubes, etc., 
are projwrly adjusted relatively to the 
nature of tlio soap operate<l upon and 
its speed of passage, perfectly formed 
sound bars are obtained of any required 
siiape as regards cross-section (just as 
with the l)arring machines used for 
milled soaps). Practically, no loss by 
formation of cuttings and scrap is 
occasioned, whilst a considerable saving 
in time, lAl)our, working space, and 
plant, is effected. 

Instead of tablets, many persons 
prefer to use globular masses of soap, 
or “ wash-balls." These are sometimes 
moulded by compressing a mass of 
plastic soap (i>reviously roughly shaped 
by rolling l^tween the hands, on a 
table, or lietween dished plates pro¬ 
vided with handles) l)etween hemi- 
B[)herical dies ; but the better kinds 
are cut from a solid block and turned 
in a little machine (something like an 
upple-parer), provided with a curved 
planing iron which gradually outs 
the mass to shape. Sometimes several 
successive parings, ivitli alternate rests 
for tlrying, are requisite. 

No matter what the shape of the 
stamped tablet may be, in many cases 
it is desirable to give an extra “ finish " 
and polish to the surface by hand 
treatment, such as rubbing wi^h a 
cloth or piece of felt moistened with 
spirit. In many cases exposure to wet 
steam for a few seconds develops on 
the surface a film or glaze of remelted, 
soap, possessing an admirable gloss 
without any further manipulation 
being requisite. 

. M 
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Substances found in Toilet 
Soaps as Sold. —A certain portion 
of the cost of manufacture of a first- 
class toilet soap de^jends ticcessariiy 
upon conditions aa to which chemical 
analysis leads to hut little distinct 
information, these circumstances mure 
especiiilly relating to the costliness of 
the perfumes used in scenting it, and 
the amount of lalmur l)C3towcil in 
moulding and finishing it. But these 
circumstances hiive no necessary con¬ 
nection with the value of the soap us 
such; as regards the main charactxjristicis 
of a thoroughly good 8f)ap, not only 
can these be satisfactorily ascertained 
during the course of analysis, hut 
further, in no other way can tlie 
absence of ohjectioimhle constituents 
be completely proved. 

The list of substances incorporated 
with various kinds of toilet sosips 
(partly as adulterants or “filling” 
intentionally added, partly as consti¬ 
tuents intended to improve the articlo 
or to give it special qualities), together 
witii the noniml nniterials contained 
in such products, is a lengthy one, 
comprising amongst other things, the 
following 

Alkalies. ?otasb, soda, and sumo- 
times, but only rarely, ammonia, pre¬ 
sent in the form of actual soap, i.e., 
alkalies coinUtied with fatty or resin¬ 
ous acids. 

“ Free’'alkalies; consisting of these 
substances present in a form cajiable of 
neutralising acids other than that of 
genuine soap, i.e., alkaline matter not 
combined with fatty or resinous acids. 

Neutral alkaline salts, more especi¬ 
ally Bulpliates and chlorides (also 
including such semi-neutml salts as 
borax). 

Fatty and resinous acids combined 
with alkalies fonuing actual soap. 

Ditto present in the free state or 
as more or less imperfectly saponified 
glycerides. 

Glycerin. 

^iGlycerin “substitutes,” i.e., adul- 
more especially sugar. 

Pigments end colouring matters. 

'Water. 


AIcoliol, volatile scents, essential 
oils, etc. 

Organic materials added either to 
increase the hulk, or to communicate 
special <[ualities, such as powdered 
odorous roots aud woods, farina, gela¬ 
tin. dextrin,and gums of various kinds; 
oatmo-il, bran, sawdust, and other 
vegetal»le matters; also beeswax, 
Hpurm!M!eti, v.isolinc, ozokerite, petru- 
hniin, cru<U' coal tar, and more or 
less purified coal tar <li.stillates, in¬ 
cluding C{irrl)oltc acid anil creosote oils, 
and .Stockholm and other vegetable 
tars. 

Inorganic materials :id<led for simi¬ 
lar reasons, .sucli as fine sand, infuso¬ 
rial earth, varieties of cliina clay and 
pifKJclay, French chalk and fuller’s 
cai'tlj, precipiUteil chalk, sulphur, 
aud such like 1 k)cH<}b. 

For tile complete analysis of soaps, 
including the quantitative detenniiui- 
tion of these and other constituents 
when present, various more or less 
auccossful methods have been pro¬ 
pounded i)y difieront analysts which 
are fully doscrilxxl in the works of 
Caiqieiitcr, Lambornc, and others, but 
it may be pointed outthataconsiderahle 
exprience has led to the uonclusion 
that a very fair estimate of the general 
chameU^r and value of a toilet soap 
may be formed without quantitatively 
detormhung every posHihlo constituent 
present, the data more especudly rc- 
(juisite for deducing such conclusions 
being the following :— 

Total alkali present, including— 

Alkali combined as actual soap. 

“Free” alkali, i.e., alkali not so 
combined, but capable of neutralising 
acid. 

Fatty matters present, including— 

Fatty (and resinous) acids combined 
as actual soap. 

Ditto, not so combineil (free acids 
aud uusajKmified fats, etc.). 

Glycerin (when present). 

Together with qualitative test as to 
the oilour, melting point, and generd 
pn»perties of the fatty acids present; 
and similar tests (so fjorformed as to 
give a rough iAea of relative quantity) 
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for ixiisonouB metallic pigments (more 
CBpecwliy (xmipounds of mercury, aa 
vermilion; copper and jraeiiic, as 
Scheelc's green, and other analogous 
pigments; and lead, ob red lead and 
chronic lead), and for other inatUtrs 
insoluble in water (farina, French 
clialk, etc.), ftiid for soluble matters, 
such as sugar and sodium chloride, etc. 

Testing the Chemicals.—To 
estimate the eomrncreial value of soda 
asli or potash, or solid caustic soda, it 
is necessary to OKeertain tlic amount 
of water they conLjiin, the amount of 
CAUstic and carl>onated alkali, the 
foreign substances in them. 

To Kxti'UMtc the Ammmt of WaU'r .—’ 
One Imnilrod grains of the alkali are 
licaUul in an iixui capsule over suiUiblc 
heating a]>i>aratus, until all the water 
is expelled, wliioh may be tested by a 
plate of cold glass hold for a moment 
over tiio capsule, wiion whatever vapour 
rises fnun tiie heated material will be 
coiKlensed on its surface. After all 
the water is llms driven oil’, tlie loss 
of weight will indicate the amount of 
water in <‘very 100 grains of material, 
and the a])solutc weight of the dried 
sample will!« the percentage of alkali 
contivined in the crude mat^'rial; tlio 
loss will indicate the; percentage of 
water conUined therein. • 

To EHlimitv the Amount of CauHtvs 
o.nd Curbmuitfd Alhdi. —It is very 
important to ascertain if there is only 
caustic alkali or only carlxmated alkali, 
08 well as the amount of each. For 
example, if a potash or soda is only 
one-third cAUstie, and two-tliirds car- 
lx)natefl alkali, the latter must Ixi 
changed into the caiustic sUte Ixiforc it 
con Ikj used in soapmaking. It is best 
firsttodetermiue the amount of caustic 
olkali. Concentrated alcohol will only 
dissolve caustic soda, and not in any 
way affect the other ingredients always 
found In commercial ])otaeh, soda, or 
caustic sfxla. Take 100 grains of com¬ 
mercial soda* reduce them to powder in 
a glass mortar, put half of it in a flask, 
with the addition of 1 oz. of alcohol of , 
95 per cent. ; sliake all well together, I 
and let stand for a fe« hours, aftor- 
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j wards transfer the liquid floating on 
j the top carefully into an evaiwratiug 
; cajiaulc of porcelain, and let it quickly 
evaporate over a lamp, gnidually in- 
I creJising the temperature until nothing 
more evajKjrates ; when cooled, im- 
' mediately weigh the capsule to ascer- * 
I tain the actual amount of amstic socta 

■ wliicli the sample conhiined. Before 
the evapotuting })rocc.ss is commenced, 

: in order that nothing ib lost, a little 
' alcohol should Ifc niixoil with the 
I deposit in tlie Hank, an<l licing tilteml 
jwldeil to the li<juid which liad already 
j been transferred. In e.-tiniating the 
j amount of carbonated alkali, it in re- 
(juisito to determine, first, tlie actual 

■ amount <if alkali existing in the soda 
or pobvsh, and this being ascertaiuetl, 
the quantity (‘f ('arbonated alkali is 
n-duced by cidculatiou. 50 grains of 
the alkaline Stimpie are U) buciissolYcd 
in a flask canhuuing ^ oz. of water. 
Next weigli out, on a watch-glass, 100 
grains of wcll-crysbdlipcd oxalic acid, 
reduced to a fine jxiwder. Small por¬ 
tions of tliis powder are to be addod 
at a time to the alkaline soluthm, 
sliaking the lujuid lietwccn each (uldi* 
lion, or stiiring it with a ghws rod, 
heating and testing it w’ith litmus 
jHper till tlio latter liocomes slightly 
r(«l<loncd, wliilo the Ihjuid is hot. The 
residue of the oxdic acid is then 
weighed, and sup|X)8iugit is 48graina, 
it is obvious that to saturate the 
alkali in the 50 grains of the sample, 

57 gicvinsofo.xalicaeid were consumed ; 
7*87 grains of oxalic acid arc capable 
of saturating or removing the alkaline 
r«ictiou of 5 gmins of caustic soda, or 
7 grains of cuiustic jwta.'-sii. 

To Ih'terminr. the Nature of Forcvjn 
Infjrvdientii. —These may lie soluble or 
insoluble. As they arc not taken up 
by the lye, the soapmaker need care 
nothing about the insoluble substances. 
Generally the soluble ones are found - 
to Ik 3 chlorides or sulphates. Tho 
former arc detected by adding a solu 
tion of nitnvte of silver to a clear solu¬ 
tion of tlie sulwtance to be examined,* 
which lias been previously slightly 
acidulated with chemically pure uitiio 

M 12 
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acid, and if there is cUoride of potas* 
sium or salt present a white curdy 
precipitate will be formed, which, by 
exposure to light, becomes first violet 
and afterwards black. Sulphates arc 
detected by first neutralising the solu- 
tjon with nitric acid, and then adding 
a solution of chloride of barium ; a fine 
heavy white precipitate is formed. To 
many it is of importance to ascertain 
if there is any sulphide of sodium, 
because a potash or soda containing 
it would he unfit for the manufacture 
of white soaj). It is often detected 
in the potash and soda, but never in 
the caustic scxla. Its pre.'^ence will 
be indiciited by the development of 
hydrosulphuric acid, on iwldingan aciil 
to a solution of the alkali, a gaa very 
much resembling rotten eggs in its 
smell. “Where the odour of the gas 
fails to afford sufficient i>rtxjf of the 
presence of hydrosuljfiiuric jwid, the 
application of the following reagent 
will remove all doubt. The air sus- | 
pected to contain it is tested by placdng 
m it a small slip of paper, moistened 
with a solution of acetate of lead ; if 
the gas is present, the slip will 1x3 
covered with a thin, browmsh-black, 
shining film of sulphide of lead. 

Preparation of the Lye.— 
Water .—Only spring or river water 
sheuld be used in making soap. It 
must also be perfectly clear, otherwise 
clear lye cannot be produced. It 
must be free from organic matters, for 
these are often dissolved, and, though 
imperceptible, soon cause the water to 
become putrid. Nearly all waters 
^ntain mineral matters in solution. 
When such waters are used, though 
the lyes are equally good, there will be 
a loss of material in proportion to the 
quantity of alkali neutralised. A 
water containing more than twelve 
grains of such substances in one gallon 
* should be rejected. 

Lye.—Lye is an aqueous solution of 
caustic BO& or potassa, by the agency 
of - 4 vbich the chemical decomposition 
*of the fat and its conversion to soap 
are effected. Caustie soda is a com¬ 
mercial commodity, but it may happen 


I that the soapmaker will have to pre- 
■ pare his own lyes. (1) Reduce the 
' soda or potassa into small pieces, mix 
it with slacked lime, let it stand 24 
hours, and then leach it out with 
water. For this purpose large tanka 
are used, having a perforate floor, 
i placed from two to four inches above 
the Iwttoui, and covered with a layer 
of straw, on wliich is poured the mix¬ 
ture of lime with the uikali. A faucet 
is iuserted between this perforated 
floor and the bottom, by means of 
; which tlie litjuor can be drawn off. 
The lycB prepared in this way are 
never jwrfectly caustic ; whilst in this 
process more lime is requisite than 
when the following method is adopted, 
wliich gives a perfectly caustic soda. 
(2) The |X)tash or B<xla, not too con¬ 
centrated a solution, should be 
thoroughly brought together with lime- 
niilk, this i>nK:eMH being assisted by 
heat. Insoluble carbonate of lime 
{ forms, which settles at the bottom. 
There should not be more than about 
15 per cent, of alkali in the solution, 
otherwise a portion of the carbonated 
alkali will retnaiu undecomposed. For 
the thorough decomjiosition of the car- 
bunatos of the alkalies, the process of 
boiling must be continuous and unin* 
terruptM, and the lime of a mflky con¬ 
sistency. To ascertain whether the 
lye is caustic, take a tost-gloss full, let 
it stand till cool, then filter, and drop 
into the clear liquid some nitric acid ; 
if it effervesces, the lye is not caustic; 
the Iwiling has to be continued till the 
portion taken from the kettle shows, 
when filtered, no escape of ciffbonic 
acid if nitric acid be added. As soon 
as no carbonic acid escapes from the 
lye, the fire should be taken out, the 
liquor carefully covered, and suffered 
to remain undisturbed for 12 or 15 
hours, so that the lime may settle. 
After this, the clear liquor should be 
transferred by a siphon iqto a wooden 
vat, lined inside with sheet lead, and 
having a perforated false bottom, uid 
cock fitted near the bottom so that the 
clear lye may be drawn off. The lime 
used must n(ft have been exposed to 
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the atmosphere ; only the quantity over the surface of the soap, and if 
actually required should be slacked at the latter is fluid enough stir up just 
a time, because the liydrateiof lime, as euflicieutly to allow the salt to mu 
well as tho lyes, loses its causticity with it. This will expel all alkaline 
when exposed to the air. For 100 lb. water from the soap, and permit it to 
of crystallised soda, 24 lb, of quicklime flciat on the surface of tho liquid in a 
are reejuired; for 100 lb, of pcarljwh, semi-hard mass. After a few houn 
double that quantity; and for 100 lb. more rest, dmw off the Ikjuid lieneath 
of soda ash, 60 Ib. will required, the soap and allow the latter to remaiu 
For the transformation of pcarlaah or uiuHsturlied until hard enough to cut 
soda into caustic lyes, more or less up. 

quicklime is iiecessjiry, according to the If preferred, instea<l of doing this, 

amount of carl>ouaLe<I alkalies they the semi-fluid mass can be ladled out 
contain, and an excess of lime will do | into wo(xlcn moulds or boxes, the 
no harm. insides of which have lieen moistened 

Bar Soap.— The ingredients given with water to prevent the soap adher- 
are for making about 1 cwt. of soup ing, and thus when the soap is suffi* 
at a time. 15 lb. tallow, 15 Ib. ciently hard it can be cut up into 
sol. B<xla, 56 lb. resin, 2S lb. stone bars in the usual w’ay. 
lime, 10 lb. palm oil, 56 Ib. soft water. i Carpet Cleansing Soaps.— <1) 
Make a caustic lye of the soda and Mix together J lb. fullers’ earth, ^Ib. 
lime by Iwiling them in tho water carbonate of magnesia, 2 oz. of pipe 
until the cum|xjuiid is homogeneous. clay, in a quart of ox«gall. Apply 
Id a second Ixulcr heat the resin, with a sponge. Or it may have jjf lb. 
tidlow, and palm-oil (tliu addition of , soft soap added and then be used with 
the latter gives an agreeable yellow the water ititended to wash the carpet, 
colour to the soap), and stir well until This Diixturo revives the colours, 
thoi-ouglily incorporated, (2) ^ lb. Castile soap, ^ oz. fullers’ 

Now gradually mix the lye with earth, ^ lb. carbonate of ammonia and 
the melted tallow, etc. (ktth cum- 1 oz. ox-gall. Mix together and then 
pounds l)oing boiling hot), stirring all let it dry into a soup. It is used as 
the time while addiiig the I;^e, and : soap with warm water, brush and 
for 15 to 20 minutes after (the exact j flannel. 

time can only be determined by actual Cocoanut-oil Soap.— Cocoanut 
experience), but do not stir too long ] oil acts differently from any other fata, 
or the saponaceous mass will separate j in combination with which weak lyes 
again. Endeavour to stir the mass so j produce a milky mixture. Such lyes 
that it does not sliow any streaks of have no effect upon cocoanut oil,, for 
soap and lye here and there, but pre- it can be seen floating on the top, 
sente a uniform appearance. while strong lyes of 25® to 30® very 

The apparatus needed is two boilers soon produce saponification throughout 
which can discharge their contents the whole mass. This soap is some- 
aimultaneously into an iron tank alwut times called marine soap, as it will 
18 in. in depth, and as the contents latlier well with sea water. A lye of 
of both boiling kettles are run into ' 27®, cold weighed, will saponify an 
tlw tank, an operator at each side equal weight of cocoanut oil—100 lb., 
with a long paddle or stirrer should I for instance, making nearly 200 lb. of 
mix the contents. When the i soap. The oil is put in the pan 
mixture has been sufficiently stirred, \ together with the lye, and then heat 
leave the mass to settle for some is applied. After continually stirring 
hours (12 to 24), then, if a clear separa- it for 1 or 2 hours, the paste will 
tion of the soap from the lye under- gradually thicken, when the tempera- 
neath has not taken place, sprinkle | ture of the heat applied should be 
some common salt, nof too much, moderated, but the stirring continued, 
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After a time the paste turns into a soaps for the use of engineers, me 
H’hittf aemi-ttolid mass, irh/oii forms ' ohanhs hikI others engageti in rough 
the soap, ami this has to l>e iilhd j nmi dirty ft'ork :— 
immodwteJj into the? frames, because / Tate f> ]b. caustic soda jiowder (98 
soiidificatfori tates ])iat?o verj' t/uictlj'. j per cent.) and ]dace it in a vessel 
A mixture is often used ofe(]uai parts | containing 2 gal. of water, stir uirtil 
»f tallow and eocoanut oil, or of I dissolved, and let the lyo thus pro- 


bleached palm oil and eocoanut oil, 
wliich yields a very tine soap. 90 to 
95 per cent, of eocoanut oil, with f) to 
10 per cent, of natural pdin oil, yields 
also a nice soap ; and all these fats, 
when mixed wiUi coco.inut oil in not 
too large proportions, will Ire as easily 
aajKmified as if the latter alone were 
used. 

Colouring Soape.—For the col¬ 
ouring of ordinary fancy soaps, mineral 
coloursare^nnployed; forsujjeriortoiht 
and transiwrontHoaps, organic pigments 
are useil. (Jeiierally, tlic red Cidour- 
ing matter is ilerivod from vermilion 
or chrome red, the violet from f uciisino 
solved in glycerine, the red-brown and 
brown from carauiel and the various 
kinds of umber. For green, chromo 
green is used; a beautiful vegetable 
green is (detained by stirring in the 
soap, saponified with 7 to 10 percetit. 
of palin-oii, sumesmaltsor ultramarine. 
For blue, smalts or ultramarine. Yel¬ 
low is obtained by mixing palm butter 
with the fat to be saponified. For 
black, common lampblack is used. 
Fine toilet soaps and tnin-sparent Sf>aps 
may be coloured as follows :—Fur a 
red colour, tincture of dragon’s-blood 
or liquid carmine. Rose, tincture of 
carthamine or of archil. Yellow and 
orange, tincture j)f annatto or saffron. 
Blue and violet, tincture of litmus, or 
of alkanet-rooL, or soluble Prussian- 
blue, basic, or a very little pure indigo 
in impalpable powder. Green, a mix¬ 
ture of blue and yellow. 

Dye Soaps. —The base i« any plain 
white or yellow soap. Prepare a dram 
of analine dye by dissolving it in 2 oz. 
of alc:)hol and 2 oz. of water, and 
work t.hia quantity into each pound of 
soap. The resulting coloured paste is 
then moulded to shape. 

Enginier’J Soap.—The follow- 
ing recipes produce cheap but effective 


duced remain until cold. 

In a larger voririel suitable for mixing 
bulk, melt over a slow fire 35 lb. of 

talluVi’. 

Mix separately 5 lb. ground silica 
and 5 lb. china clay with sufficient 
water to make it of the consistency of 
thick cream, and when thoroughly 
soaked strain twice or oftener. The 
moment the tallow is melteil, pour 
the silica and cliiua clay slip inUi it, 
stirring constantly until inci?rporatcd, 
and then ])our in gnwlually the caustic 
soda lyc, and stir until perfect amal¬ 
gamation is attained. Pour out the 
liquid soiip into u bux and koo]) in a 
warm place well covered u}i fur 24 
hours, when it will have set into a 
block, which may be cut up and pressed 
if desired. 

The prucesH of melting must be very 
carefully carncnl out, only sufficient 
Iieat being used to warm the tallow, 
etc, 

Floating Soap.—To28 lb. of good 
oil soap add 1 qt. of water and melt in 
a steam or water liath. The bath or 
pan shouhl be fitteil with an agitator, 
as it is essential that it bo worked 
well and continuously until the soap • 
has doubled its volume. Pour into 
tlie cooling frames and, when cool,cut 
in the usual way. It is a pleasant 
soap to use, but not economical if 
])urcluwed by Vjulk or piece. It may 
I be perfumed with any required (Went. 

Hard Soaps.—Hard soaps are 
alwaysHcsIa soaps. There are grained 
soaps, those in wliich a separation of the 
undcr-lye has been nimlo as described, 
and filled soaps, those in which the 
whole contents of the boiling pen are 
kept together and sold as soap. The 
eocoanut oil is especially employed fof 
tlie manufacture of filled soaps, liecause 
it is easily soluble in brine, requiring a 
very lai*ge quantity to saparate them, 
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and then they l»ecouie so liard that 
they can scarcely J)e cut with a knife. 
The more solid cunstitueittH a fat con¬ 
tains, tlic Iiarder the soup produced; 
the more oleine, the softer the 8oa]». ^ 
By mixiup tlie fats in different jirojjor- j 
tions, soaps of any consistency can Jx) ‘ 
ohtiiined ; tliis alscj dejwnds upon the 1 
strength of the lye used in tlie process. 
Weak »and middling strong lyes will j 
produce a light soap, while lyen of 25® , 
to 35® B. will produce a soap heavier 1 
than water. Sometimes a sniall ad- I 
luixture of sul])hate of soda is employed i 
in making soap, for the purpose of ])ro- i 
venting its too great solubility when 
used in washing. In the manufacture 
of soaps, or J of fat is frequently 
Bulistituted by resin. For the tmns- 
formation of 100 lb. of fat into Hoai>, 
there are generally necessary 121 lb, of 
solhl caustic soda ; tliis quantity must 
be more or less, in proportion to the 
nature of tho fat. 

Hard'Water Soaps. —In older 
to reduce the waste of soaps in contiict 
with lianl watt'rs, througli double 
(lecoinpcMiUoii brought about }>y the 
lime and magnesia salts, I<\ink and 
Eltsfse, in 1877, i>ateutod tlio use of 
sodium phosphate ; and in 1890 Grim- 
shaw claimed novelty in the addition 
of ‘‘an alkaline phosphate,* with the 
object of forming calcium and magne¬ 
sium phosphates, insteiul of lime and 
magnesia stiaps, which are insoluble 
in water and therefore wasted. 

Harness Soap.— Take 10 lb. of 
resin soap and put it to melt with suffi¬ 
cient boiling water to just thoroughly 
soften it. Work into it 4 Ib. of sperm 
oil (jireviously warmed) and add suffi¬ 
cient fine bone-black until a nice paste 
is obtaiuod. 

Oiarble Soap, fordeansingmarble. 
White soft soap 10 lb., powdered 
pumice 5 lb., whiting 4 lb., pearl ash 
81b. Grind all to a stiff mass, adding 
a little water if required. Press into 
moulds. 

Medicinal or Medicated 
Soaps.—As soaps of this kind are 
intended to have curative properties, 
it follows that the* soap base from 


which they are made should be pure. 
! It is also rjecessary that the raw in¬ 
gredients being of best quality 
excess of alkali must be carefully 
avoidedas being likely to causerough- 
nesfi ami .scfile on the skin. Voiry's 
method is wnsideretl a good one, pos-* 
sibly the Iwst, this requiring a plain 
ccK'-ojumt oil piste soap as the base. 
This Iiasc is prepared as follows: 24 
pi!'ts by weight of cocoanut oil are 
boile<l in a pircelain vessel with 16 
})arts soda lye (10® B.). Tlus forms 
a eieam to wliich is added 10 parts 
soda lyo (20® B.). The boiling is 
continued until a little of the mixture, 
dropped on a cold surface, solidifies. 
A <juantity of distilled water is then 
addeii, and the Iwiling continueil and 
10 jMirts of common salt added. When 
the soap is cooled it separates and is 
then subjected to twice wasliing in a 
20 ijer cent, solution of ordinar}’ salt 
and afterwards iu distilled water. The 
whole is then pressed to expel excess 
of water, and a plain jiaste soap is the 
result. 

Prepared by dis¬ 
solving 1 part of golden sulpliuret of 
antimf)ny in 2 jarts of a saturated solu¬ 
tion of caustic potash, to this add, of 
Castile soap in powder, 4 parts; tritu¬ 
rate till the whole assumes a proper 
consistency. 

Boracic Soap is readily made by (1) 
rubbing 1 oz. of powdered boi-ax into 
1 lb. of gootl Windsor or other soap. 
(2) Bull up e(iual parts of sodium 
borate and Voiry's paste soap. 

Cawphur Soap. —16 lb. white soap 
or soap-paste (cocoanut oil soap lor 
preference), J oz. camphor, 2 <^me 
caraway oil, 2 drams rosemary oil. 
Rub together and press into moulds. 
Tills soap is not coloured, but left 
white. 

Camphor Spermaceti, 2 

oz. ; camphor, powdered with 
addition of a little spirits, 1 oz.; white 
curd soap, melted with a little water, 
24 oz. ; amalgamate with a gentle 
heat and mould into balls, • 

Carbolic Acfd is a material that 
serves all the j)urpt)ee8 that tar will, 
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without its disadvantages. It is a 
better material than tar, but is not 
odourless. A recipe is to melt 150 
parts (by weight) of cocoanut oil soap 
and add 6 parts carbolic acid (crystals), 
10 parts solution of alcohol, and 2 
parts caustic potash. A little, say 
1 'part of oil of lemon may be added if 
desired. When well stirred it is ready 
for the moulds. 

Disinfectant Soaps .—In few ways 
can disinfectants be so agreeably 
applied to the skin as when incorpo* 
rated with soap. One of the last in¬ 
troduced, though probably one of the 
most efficacious, is thymol soap—first ! 
made by Ferris and Co., Bristol. 
Thymol is a non-poisouous (herein 
differing from carbolic acid) crystal, 
about eight times as powerful an anti¬ 
septic and disinfectant as carbolic acid, 
and is probably the only substance 
that combines disinfecting properties 
with a really pleasant smell, that of 
thyme. The beet mode of incorpo¬ 
rating thymol and phenol (l.e. carbolic 
acid) with soa]) is a trade secret; Morfit, 
however, states tliat carbolic soaps are 
best made by Ids process, using as a 
basis hot-pressed fat-acid cake, on 
account of the tendency of carbolic 
acid to soften the soap-paste. 

Carbolic soaps are made in great 
variety and in large quantities by 
F. C. Calvert & Co., of Manchester, 
whose products cont^n specified defi¬ 
nite (Quantities of carbolic acid of vari¬ 
ous qualities. Their “ medical ” soap 
contains 20 per cent, pure ciystallised 
carbolic acid; their toilet and house¬ 
hold soaps, 10 percent.; their domes¬ 
tic soap 8 per cent.; and their “No. 
6” or “scouring” soap, 4 per cent, 
liquid carbolic and cresylic acids. The 
comparative antiseptic power of soaps 
may be tested by adding equal weights, 
in solution, to equal weights of flour 
paste, and, after exposing these to tlie 
air under identical conditions, noting 
the day on which mould flrst appears 
on each. The so-called “coal-tar,” 

- ov aapo carbonis detergens ” owes its 
disinfectinff properties to a small 
quantity of cu^Iio acid in the coal tar. 


It may be assumed as^ a pretty safe 
working rule, that almost any desired 
substance, j^hether soluble in water 
or not, can be mixed in this manner 
with soap, provided that (1) it is not 
too volatile at tlie lowest temperature 
at which the s(jap can be manipulated; 

(2) tlrnt if insoluble in water or alcohol 
it is in a state of very fine subdivision ; 

(3) that it contains neither enough 
acid to decompose any portion of the 
soap, nor any mineral 1)0868 which 
would cause double decomposition 
with the sodium salts of fatty acids. 

Thus Cleaver incorporates terebene, 
copper alum, or iron ^um; Robottom 
adds borax or other borates; andothors 
select camphoraceouB products ob¬ 
tained by artificial oxidation of turpen¬ 
tine oil, such as “ sauitas.” 

IcKthyd Soap has a demand on 
account of its reducing redness of the 
skin, and being beneficial in cases of 
eczema and rosacea. It is made up 
by rubbing 1 oz. (or any less quantity), 
of sodium sulphichthyyolate into 20 
oz. of soap paste. 

Iiiicctiktie Soapt for flowers and 
plants.^26 gal. water, 6 qt. methy¬ 
lated spirits, fusel oil (amylio alcohol) 
8 pints, tob^u waste, 2 lb,, soft soap 
2 lb. Put the tobacco in a quart of 
water to* boil for * hour, then strain. 
If the water is much reduced by boiling 
add more plain water to niake the 
quart. Boil the soft soap in 25 gal. 
of water and when melt^ add the 
tobacco fluid. Allow to cool, then add 
the other two ingredients. Sufficient 
water can be add^ to double the whole 
bulk, and then it is ready for spraying 
or syringing. 

lodiw Soap .—Make a solution of 1 
part of iodide of potassium in 3 parts 
water; to this add, of pounded 
Castile soap, 16 parts ; melt in a por¬ 
celain vessel by the aid of a water 
bath. 

Mercurial 5'oqp.—(a) Dissolve in 
1 lb. of alcohol 1 oz. of corrosive 
sublimate ; filter this and rub up with 
sufficient Voiry*B soap paste to absorb 
the whole (about 3 to 4 lb.). 

(h) Beat into< a homoge^us mess 
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in a W’edgw 9 od mortar, Castile soap, 

1 lb ; protochloride of mercury, i oz. 
dissolved in 4 oz. of alcohol. 

Savol .—A medicinal soap, usually 
made up as a siiaving'soap, as being a 
curative for a disease easily contracted 
from l«rrl)ers’ shop implements, luw 
“salol” iu its composition. Tliis 
can lie made by baiting 2 lb, cocoanut 
oil and melting 4 lb. liecf suet in this, | 
jMlovv this to cool to 125® F, then add , 
yj lb. of caustic soda lye (18®) and , 
10 oz. of caustic potash lye (24®), 
llien stir over a gentle heat until the 
mass is homogeneous. This will prolv 
ably l»e half an hour. While the mass 
is warm add J lb. of finely-powdered 
salol and heat up to 115° F., this 
being the heat required to melt tiie 
antiseptic salol; stir all the time. 
If it is required to perfume tlie soap, 
then, before the salol is put in, add a 
small quantity of oil of canraway, oil 
of bergamot, oil of lavender, oil of 
tiiyme, ami essence of mirbuiie. 

iSWpAur iSb«p.—(a) This can be 
made up with any good ^aste soap to 
which is added one-tenth its weight, 
or any less quantity, of finely-powdered 
(flour) sulphur. Sulphur soap requires 
to be j)erfumed, os otherwise tlie sul¬ 
phur gives the compound an objection¬ 
able odour. It may Ixj made as follows : 
Rub to a smooth mass 2 lb. of fresh 
soap paste, Voiry’s or a white curd or 
Castile soap, with 3i^ oz. of flour sul¬ 
phur, 4 fl. oz. of alcohol, and a few 
drops of attar of roses. To give the 
soap a good yellow colour the alcohol 
can be tinted with alkauet. A more 
simple recipe is to rub up 1 jjart by 
weight of flour sulphur with 10 parts 
of Voiry’s soap jjaste, and then pt^ 
to shape in moulds. 

(5) Cut into small shavings white 
soap, 8 oz.; beat up in a mortar with 
subRmated sulphur 2 oz. ; add 1 oz. of 
alcohol, to which may be added a few 
drops of any of the odoriferous essen¬ 
tial oils ; brat the whole into a smooth 
paste and roll into balls. 

Tat Soaps may not look nor Binell 
nice, but they are i^ually efiective. 
A recipe is (1) to beat together 2 parte 


of soap sltavings, 1 port tar, and 2 
parts liquor pot^sa. (2) Make a soap 
iu the usual manner, the ingredients 
being 12 lb. cocoanut oil, 6 lb. tallow, 

9 lb. soda lye (40° B.) and 3 lb. tar 
(juniper tar for preference). (S) A* 
vaseline tar soap can be made by pre¬ 
paring a tar soap with 20 lb. cocoanut 
oil, 11 lb. s<!da lye (40° B.) and 3 lb. 
tar. Then melt 2 lb, yellow vaseline 
and stir it into the soap with f pint 
of slightly wann water. (4) Another 
ordinary tar soap is uiiulc by simply 
working up together 18 lb. Voiry’s 
paste soap with 2 lb. tar. 

Palm-oil Soaps. —ralm oil is 
rarely used alone as a soap stock, but 
generally employed with an admixture 
of resin, and it then yields yellow soap; 
for white soap, however, these are 
employe<l in the bleached state. For 
some kinds of soap, palm oil is aapuni- 
lied with 5 to 10 per cent, of cocoanut 
oil; more is often used of the latter, 
and then filled soaps are obtained. 
Demi-prdin is a soap consisting of equal 
{uixts of tallow an<l |Ntlm butter, tu 
which is added a very small quantity 
of resin and coconut butter. 1. Palm 
oil, 300 lb. ; ttilluw, 200 lb.; resin, 
200 lb. 2. Tallow, 5001b.; palm oil, 
j 300 Ib.; resin, 200 lb. 3. Palm oil, 
450 lb. ; cocoanut oil, 60 Ib. 4. Hog 
fot, 550 lb.; oil, 150 lb.; cocoa- 
nut oil, 50 lb. ; clarified rosin, 60 lb. 
Palm oil may lie mode into soap exactly 
in the same way as tallow. If resin is 
incorporated, it is better to produce 
first the eomUiuatiou of the resin with 
the lye and mix the same with the 
finishe<i palm oil soap. Soap made of 
bleached palm oil is perfectly white, 
and can scarcely be distinguished from 
tallow. Palm soap bleaches when 
exposed to the light. ' 

Perfumed Soaps.— Perfuming is “ 
generally done when the paste is in 
the frame, as if added in the pan when 
the soap is hot, most of the essential 
oils would be volatilised. It is best 
to mix the colours and the perfunq^ 
together with somealcohol orglycerine, 

I and stir well in the paste. 

1 Alfiwnd £b(^.-<-(l)The bestquality 
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is usually white curd Hoap, with an 
addition of Jth to |th of weight of 
olive-oil soap, acente<l with eisential 
oil of almonds in the propurtioii of 
about 1 oz. to each to 5 lb., or 
•lb. to thecwt.; very line. The addi- 
thfti of a little oil of cassia, way 4 or 5 
oz. a cwt., improves it. Sccoml 
and inferior artichi.s arc scented witli 
the artificial oil of almonds, instead of 
the genuine oil. (2) Hard white soap, 
28 lb.; essential oil of almonds, 4^ oz.; 
reduce the soap to small shavings, and 
melt with the aid of a little hot water, 
adding the essence gradually, and with 
constant stirring. 

Bouquei So<ip. —(1) White curd 
soap, finest, 17§ lb.; olive-oil soap, 
2§ lb,; oil of bergamot, 1 oz.; oil of 
cassia, uU of cloves, oil of sassafras, oil 
of thyme, of each, 1 § dram; oil of 
neroli, 1 dram; ochre, brown, levigated, 
2 oz,; proceed as for almond soap, It 
may be varied by substituting oil of 
lavender for the neroli. (2) White 
curd soap, 20 Ih.; oil of bergamot, 
oz.; oil of cloves, | dnim; oil of neroli, 

dram; oil of sassafras, ^ dram; oil 
of thyme, ^ dram. Coloured with 2^ 
oz. brown ochre. (3) Good tallow 
soap, 30 lb.; essence of bergamot, 4 
oz.; oils of cloves, sassafras, and thyme 
each 1 oz.; colour, brown ochre, 7 oz. 

Cinnamon Ufiuallyamix- 
ture of tallow and soaps, coloured with 
about J lb. of yellow ochre, and scented 
with 1 oz. of oil of cinnamon, sup¬ 
ported witha little oil of bergamotand 
sassafras, to each 7 lb. (2) Finest 
white curd soap, G lb.; palm-oil soap, 
3J.lb.; cocoanut-oU soap, 1 lb.; oil of 
cinnamon, 1J oz.; oil of bergamot, oil 
of sassafr^, of each, } o/.; lavender, 
1 dram ; levigated yellow ochre, J lb. 
(3) Good tallow soap, 30 lb.; palra-oU 
soap, 20 lb.; essence of cinuainon, 7 oz.; 
essence of sassafras, oz.: essence of 
bergamot, oz.; colour, yellow ochre, 
1 lb. Oil of cassia is often used instead 
of oil of cinnamon, and always in in- 
feoior qualities. 

Movers qf Erin .—White curd soap, 
scented with ml of roses, 1 dram; 
8i*rit3 of violet, } fluid oz.; spirits of 


jasmine, fluid oz.; spirits of patchouli, 
J fluid oz.; spirits of vanilla, J fluid 
oz. Tiugod'green or rose. 

Glycerine tSVxfp.—(1) Any mild toilet 
soap, with which about J-^th to 
of its weight of glycerine has l)een inti¬ 
mately mixetl whilst in the liquid state. 
It is generally tingeil of a red or rose 
colour, or orange yellow. Scent with 
oil of bergamot or rose geranium, sup¬ 
ported with a little oil of cassia, or 
cassia supported with essential oil of 
almonds. (2) 40 lb. of tallow, 40 lb. 
of lard, and 20 lb. of cocoanut oil, are 
saponified with 45 lb. of scxla lye and 
5 lb, of potash lye of 40*^ Baum6, when 
the soap is to lie made in the cold 
way. To tlie paste then add : pure 
glycerine, G lb.; oil of Portugal, ^ oz.; 
oil of liergamot, \ oz.; bitter almond 
oil, 5 oz.; oil of vitivert, 3 oz. (3) One 
hundred parts of oleine of commerce, 
pour it either in a glass flask if the 
quantity is small, or fur a larger quan¬ 
tity into au orrlinary Iwiler, add 314 
parts of glycerine, sp. gr. I‘12, heat 
to a temperature of 90” F., and then 
add 56 parts of an aqueous solution of 
caustic potassa, sp. gr. 1*34 ; stir the 
mixture well. Keep at rest for 24' 
hours. 

Honey jSoop.—Ordinary honey soap 
is the finest bright-coloured yellow 
resin soap, coloured by the addition of 
a little palm oil, or palm-oil soap, and 
scented with oil of rose geranium, or 
oil of ginger-grass, or with a little oil 
of bergamot or verbena. Some of the 
finer kinds are made of olive-oil soap 
and j>ahn-oil soap, of each 1 part; 
white curd soap, 3; deepenwl in colour, 
whilst in a liquid state, with a little 
palm oil, or aimatto, and scented with 
1 to oz. of essential rxilH to each ^ 
lb., or 1 to lb. to each cwt. 

Lavender Soap. —The basis of .Wind¬ 
sor soap, scent^ with oil of lavender, 

1 to 1| fluid oz. per 7 Ib., support^ 
with a little oil of bergamot and the 
essences of musk and ambergris. ’ It is 
often coloured with a little tincture of 
litmus, or corresponding mineral pig¬ 
ments. f 

Musk Soap. —{1) The basis is gener- 
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ally a good ox-suct or tallow soap ; tlie 
scent, esseiK'e of musk or oil of musk, 
BupjKirted with a little af the oils of 
bergamot, cinnamon, and cloves. The 
quantity of the essence used depends 
on the intended fragrance of the 
product. The cxilouriug matter is 
usually caramel. Tallow aud j)aliii*oil 
aoaj), to which add powder of cloves, 
roses, and gilliflowers, each 4 oz.; es¬ 
sence of bergamot and of musk, each j 
3^ 01 .; colour, brown ocliro, 4 oz. I 

Ormujf-foiirr (1) Like rose 

soap, but using pure neroli, supjxirted 
with a diish of the essences of aml»er- j 
gris and Portugal, inatciul of otto of 
roses, i\6 scent. The French orange- 
flower soap isscented M'ith equal jiarts 
of ncruli and geranium, (^i) Tallow 
and palm-oil soap, k* which add essence 
of orange flowers, 7^ o/.; ambergris, 
7J 07.. \ colour, chrome yellow, 8 oz.; 
rtxl load, 2 uz. 

Primrm -S'otp.—This has usually a 
similar btisis k> honey soap, faintly 
scented witli mi.sed oils tsimilar to 
those used us u<»wslip {)erfuino, and 
coloured jiale yellow, or greenish 
yellow. 

Jimdoletia AVw;p.—The boeisof cinua* 
mon, rose or Windsor soap, scented 
with 1 to oz. of the mixed oils and 
essences used for essence of roudoletia, 
to each 7 lb. Tlio colours are those 
used for Iwuquet, cinnamon, honey, or 
brown Windsor soap. 

lioite So<ip.~(l) Palm-oil soap, in 
shavings, 3 lb.; fiiicHt white curd soap, 
in sliaviiigs, 2 lb.; soft water, ^ pint. 
Melt together in a bright copper jjan, 
set in a water bath. Add levigated 
vermilion, J oz.; and when the mixture 
has tA)ol 0 d a little, stir in finest otto of 
roses, 2 drams; oil of bergamot, 
drain : oil of cinnamon, oil of cloves, of 
each, I dram ; oil of rose geranium, J 
dram. Mix well, and pour the mass 
into an open-bottomed wooden frame, 
set on a polished marble slab. Some¬ 
times it is coloured with tincture of 
dragon’s blood, or of archil, instead of 
with vermilion. (2) White curd soap, 
20 lb.; essence of rose, oz.; oil of 
cloves, ^ dram; oif of cinnamon, ^ 


dram ; oil of l)ei*gamot, 1 dram ; oil of 
neroli, ^ dram; cohmred with 2 oz. 
vermilion. (3) Olive-oil soap, 30 lb.; 
good tallow soap, 20 lb.; finely ground 
vermilion, oz.; essence of rose, 3oz.; 
essence of cloves, 1 oz.; essence oj 
cinnamon, 1 oz.; essence of bergaiijot, 
2^ oz. The hard soafw are to lie kept 
at 212'^ K. for an hour, with lb. of 
water, in an untiniied copper pan, the 
vermilion then added, and when token 
ott‘ the fire, the essences mixed well 
with it, by stirring them together. 
This IS A \cry {KU'fect soiip, posKessmg 
a delicious fragrance, a beautiful rose¬ 
ate liue, and the softest iletergent 
projierties, wliieh keeping cannot im- 

I 

! VMft (1) Any white toilet 

I soap strongly scented witli essence of 
orris root, oitlier coloured, or not,.wi»h 
tincture of litumus, or a little levigated 
smalts, ultramarine, or indigo. (2) 
While curd soap, 3 lb.; olivo-oil soap, 

1 lb.; jwlm-oil soap, 3 lb.; melt-eil 
logetlier, and lurthcr scenleil with a 
little essence of orris-root, which is 
best added cold; and coloured, or uut, 
at will. Very fragrant, but it does not 
take colour very well. 

Windniyr Soap. —1. Wliite. The 
best is a mixture of olive oil, 1 part; 
ox-Buet, or tallow, 8 or 9, saponified 
with a lye of caustic soda, and scents 
after removal from the boiler. The 
ordinar}’ is curd soap, scented, whilst 
semi-liquid, with oil of carraway, sup- 
|)orted with a little oil of bergamot, 
la\ender, or origanum. To the finer 
I qualities a little oil of cassia, or of 
I almonds, or of the essence of musk and 
i ambergris, is also added. The usual 
I projKirtion of the mixed oils for good 
; qualities, is 1J lb. per cwt., and 2 lb., 

I at the least, for the finer ones, ex- 
j elusive of the alcoliol essences, if they 
i are employeil. 2. Brown. Originally 
this was the white variety th^ had 
become yellf)w aud brown by age. It 
now only differs from the white in 
being colourid with a little caramel, 
with umber, or brown ochre. 3. iftne 
parts of good ox-tallow' and 1 of olive 
oil, scented with cii of carrawdy, oil of 
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lavender, and oil of rosemary, in the 
following proportions : Hard curd soap, 
100 oz. ; oil of carraway, 1 oz. ; oil of 
lavender, J oz. ; oil of rowmary, \ oz. 

PoUiiiin^' Soaps.—(1) Stir into 
25 lb. of liquid cocoanut oil soap, 2 lb. 
of ^poli and 1 lb. each of alum, tartaric 
acid and whitedcad. 

(2) Stir into 25 lb. of liquid cocoa- 
nut oil soap, 5 lb. of jeweller's rouge, 
and 1 lb. of ammonium carl>onate. 

(3) Mix 25 lb. of liquid cocoanut oil ' 

soap with 4 to 5 lb. of calcined oxalate 
of iron. j 

(4) Stir together 24 lb. of cocoanut ' 
oil with 12 lb. of lye of 38° to 40°, ; 
and when the mass appears bright ad(l 
3 Ib. of jeweller’s rouge, mixed with 
3 lb. of water, and, finally, 1 oz. ; 
2 drams of spirit of sal-ammoniac. 

(6) Reduce 5J lb. of cocoanut oil . 
soap to fine shavings, add some water i 
and melt. To the melted soap add | 
then, with vigorous stirring, 6 oz. [ 
5 drams of clialk, 3 oz. 2 drams each 
of alum, tartaric acid and dry wlute 
lead. 

English SUver »Soap.—This soap, 
which may be used for mving silver 
articles a beautiful lustre by brushing, 
is prepared as follows ; Dissolve 2 parts 
of Castile (pure olive oil) soup in 2 parts 
of soft water over a fire, and stir into 
the mass 6 ports of whiting. The 
soap is put into moulds and allowed 
to cool. 

£7igli8h Itosc’colour Silver Soap ,— 
This soap is prepared in the same 
manner as the preceding, but instead 
of 6 parts of whiting, the following 
ingredients are stirred into the melted 
mass: Fine white tripoli 2 parts, 
pulverised clialk 3 parts, and jeweller’s 
rouge 1 part. Before pouring the 
80 ^ into moulds it is perfumed with a | 
few drops of oil of lavender, giving it | 
ai^ odour which contributes towards 
ita ready sale. 

Powders.-^These always contain, 
besides powdered dried soap, a large 
peroe;it«g9 of sodium carbonate, gene- ; 
rally in the form of dried soda crystals, i 
Th^ otoy be-frepored in several ways, | 
thus ;-T- I 


I (a) Anhydrous stxiium carbonate or 
soda aah is added to a “ clear-boiled ” 
soap-paste, a/id after thorough mixing, 
the souiewhat stiff material is drawn 
off into cooling frames. The cold and 
hard soap thus obtained is then finely 
ground. 

j (ft) Soda crystals atid soap are melted 
j together and then troaLe<I in the above 
manner; but this plan is advantageous 
only when soa}) scraps can he had. 

A suitable appiratus for conducting 
the operation consistsof a wrought-iron 
vessel with a strong agitator contained 
in an interior cast-inni vessel, which 
can be cooled by water circulated in 
the outer vessel. The liqui<i soap is 
cooleil while the soiia ash is slowly 
added and completely dissolved. 
During the grinding process wire must 
be taken nut to overliwit and thus 
soften the product. 

The comix)sition of soap powtlers 
varies considerably. Only a small 
i proportion of resin soap can ho used, as 
I such soap is sticky, and cannot lie 
powdered. Olein soap may bo used 
I with advantage, and tlie olein may he 
saponified with scMlium uarlxmate in- 
st^ of the mure expeiisive caustic 
lyes. 

As a small quantity of free chlorine 
j u not objectionable in soap powders, 

I dark coloured materials such as bone 
i fat, fish oils, etc., may be used for 
making the soap, with the addition 
of a small quantity of bleaching pow¬ 
der. 

To some soap powders, 2 to 5 per 
cent, of sodium silicate is added. 

A good washing powder should con¬ 
tain 30-35 per cent, fatty acids, 3(>-35 
per cent, sodium carbouate, 80-40 per 
cent, water. 

The inferior powders, containing 
only 5-10 per cent, fatty acids, should 
not l)e used for the laundry ; they are 
onlyserviceablefor scnibbingpurposes. ‘ 

There is a soap powder in the market 
prepared by treating linseed with caus¬ 
tic Buda directly. This soap contohis 
certain impurities derived from the^‘ 
seeds, which lather freely, uid thus, 
when the powdef is used, gives tixe im> 
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pression of more genuine soap being 
contained in the powder than is actu¬ 
ally the case. ^ 

(c) Soap Powder or “ Soap Extract." 
—Yellow soap in shavings 12 Ib., palm 
oil 2 lb., soda crystals 6 lb,, pearl ash 
3 lb,, sulpliate of soda 3 lb. Mix 
together without water, then put to 
dry. When dry grind to a metlium 
powder, not too fine. 

For washing printers’ blocks anti 
types, a powder is recommended con¬ 
taining only a small ([uautity of com¬ 
bined fatty acids, but 10-15 per cent, 
caustic soda. 

The so-called “ bleaching soda " con¬ 
sists of 80 |>arts soda crystals and 20 
parts soda silicate. 

The fitimposition of some American 
washing powders w’as fouinl to be— 
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Sodium carbonate 

26*9 
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46*6 

Katty ucidH . 

. 26*4 

44'0 

26’l) 

26-7 

Conblucd soda 
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Water . . 
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B-H 
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24*9 
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They arc therefore mixtures of 
dried soap and washing soda, and 
may l)o used in conjunction with soap 
to soften hard water, but if used alone 
must be injuriouH to textile fabrics. 
Borax might l>c added, instead of the 
soda, apparently with advant&ge. 

Pumice-stone Soaps. — These 
are prmluced by tlie cold j>roce88. 
One method is to melt 400 parts (by 
weight) of cocoanut oil ami 100 jiar^ 
of cotton oil, and stir in 240 parts of 
caustic soda lye (38°B.) and 10 jiarts 
of caustic potash lye (30° B.), Iwth 
the lyes having a temperature of from 
82°C. to 36°C. (89*08° F. to 95°F.). 
Sift in 250 parts of jminice powder, 
and to scent the soa]> mix in 1^ 
part of cassia oil, 1 part of rosemary 
oil, ^ part of lavender oil, ^ part of 
sa^l, and i part of clove oil. 

Hesin Soap.—Place 80 gal. of ley 
ifito a kettle of sufiUcient capacity, first 
boil the contents, and then throw resin 
in at intervals of 5 or 0 minutes, and 
in portions of 15 to 20 lb., until 1320 
lb. have been added. The resin must 
be previously well pulverised, and 


while one workman is occupied with 
tlirowing it in, another should be con¬ 
stantly engaged in stirring it, as the 
mixture easily ascends. The heat 
must not be tw rapidly increased, nor 
is it necessary tliat it should boil all^ 
the time, but keep the temperatyre 
near the Iwiling point. It is absolutely 
requisite to keep stirring the paste all 
the time. Sajwnification will be 
finished in 2 hours, and then the mix¬ 
ture, with the fat, is converted into 
S(»ap as alxive dcscril«d. 

Shaving Soaps. Aw<r—1. White 
soap, 4 oz. ; finest honey soap, 

2 oz. ; olive oil, 1 oz. ; water 1 or 
2 tablespoonfuls; carlx)nate of soda, 

1 dram. Melt together and form a 
j)aate, adding a little i)r(K)f-epmt and 
scent at will. Some melt with the 
soajj about 1 dram of spormaceti.' 
Protluces a good lather with either 
hot or cold water, w'hich dries slowly 
on the face. 2. Hard soap in small 
sliavings, 2 uz, ; best soft soap, 6 oz.; 
molt by the aid of a water bath; add, 
on cooling, oil of cloves, 1 dram ; tinc¬ 
ture of ambergris, 20 drops. 

Soap.-^lt will be understood that a 
shaving soap should be mild, and that 
it should nut only lather well, but the 
lather should be as permanent as 
possible. Ordinary soaps are too 
alkaline to be call^ mild, and the 
lather is not permanent 'enough. A 
good shaving soap can be made in the 
“ cold " way os follows:—Mix together 

2 lb. cocoanut oil, 6 lb. lard, 3 lb. caustic 
soda lye (35° B), and 1 lb. caustic 
potash lye (35° B.). Heat all to 120° 
F., and when well mixed allow to set. 
All shaving soaps are perfumed, the 
cliief ingr^ents used being of 
lavender, oil of bergamot, oil of pepper¬ 
mint and oil of bitter almonds. What 
lias been known as the Military Shaving 
Soap lias for perfume oil of lavender 

3 parts, oil of peppermint 1 part, oil 
of bergamot 4 parts, oil of thyme 2 
parts, oil of cinnamon 2 parts, and oil 
kummel 3 i^arts. 

(Jrcarti. — Take white, soft, lu^ 
potash soap, recent, but moderately 
firm, and b^t in small portions at 
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A time, in a marble mortar, until it 
forms a white homogeneous mass ; acid 
sufficient essential oil of almonds, sup¬ 
ported with a little oil of bergamot, or 
of cassia, put in during the {funding. 

Esmvic or Muid. —1. White hard 
Isoap, in shavings, J lb. ; rectified 
spiFit, 1 pint; water, J pint; perfume 
to taste. Put them into a strong 
bottle, cork tightly, set it in warm 
water for a short time, and oo(5?isit)n!illy 
agitate it briskly until solution is com- , 
plete. After standing, pour off the 1 
clean portion from the dregs into ; 
clean bottles for use, and at once i 
closely cork them. If the .solution is i 
not sufficiently transparent, a little 
rectified spirit should l)e added to it I 
l)efore decanbition ; a little proof- 
spirit may l)e added if it is desired to 
render it thinner. Tf much essential 
oil ia used to ^xjrfumc it, the trans¬ 
parency of the product will be 
lessened. 2. White soft sotip, ^ Ib, ; 
li(]Uor of }>otassa, 2 fluid <lrams ; reQli* 
fieil spirit, 1 pint. Perfume to taste. 
Pn)ceed as l)efore. The product of 
both is excellent. By rubbling two or 
throe drops on the skin, and ai)plying 
the nliaving-brush, p^Q^'iously dippwl 
ill water, a good lather is pr(xluce<I. 
The choice of ^lerfume is a matter of 
tfwte, 15 to 20 drops of essence of musk 
or amltergris, 1 fluid dram of any of 
the ordinary fragrant essenous, or 12 
to 15 drops of essential oil, simple or 
mixed, to a pint, are sufficient for the 
purpose. 

Soap Balls. —These arc usually 
made of one or other of the toilet soaps 
with the ad<Ution of a little starch; 
sometimes sand is used in place of .lie 
starch. 

Sand Soap .—Under tins heading 
occur a number of soaps in which it 
is sought to unite the chemical action 
of soap withthemechanicalaidafforded 
^ sand in scouring. According to 
d. Koth (‘ Seifenseider Zeitung,’ Nov. 
21, 1884), as much as 70 per cent, of 
clwn sand or powdered ({uarte is 
sotnethnes mixed with soap paste, and 
experiments showed tlmt such soa]) 
had no disagreealje effect on the hands I 


when used as a detergent. In a, simi¬ 
lar way, soap is made the vehicle of 
many substances to be applied to the 
skin, medicinally or otherwise, or in 
any cleansing process. All these 
should be incorporated witli “ neat " 
soaps, freshly intulc or remelted, at as 
low a temperature as possible. Some 
form of .soap is not unfrcquently the 
bisis of polisliing jswLcs. 

It is obvious tlud many abnwivc 
Hubst{iiu;e.s besides sand win be iiicor- 
poniLed in soap, such as fuller's mirth, 
pumice, brickdust, emery, etc., in all 
proportions up to the limit of cohesion 
of the ma.s.s. Kven .some toilet soaps 
are so prep.ire<l for ap{)licatioii to the 
teeth, sulHtituting precipitiited clialk, 
cuttlefish bone, etc., for the commoner 
form.s of abi'a.stve material. 

Sniiil ihiJI. —Kino old yellow soaji, 
2 parts ; silver sand, 1 j^rt; swnt 
to taste; melt the soap anti mix in 
the sand, afturwanU <Kldlng lliu scout 
and making into lialls. 

Soap Bubbles, Mixture for.— 
Fill a clean atopixjred lx>ttIo three- 
tjuarters full of water (which should 
be distilled, or very clean iMinwator). 
Ad<l (tne-fortieth part of its w ihdit of 
oleatc of stxla, winch will proUibly 
float on the water. Lea\ c it for a day, 
wiien tho oleatc of sotla will lie die- 
solved. Nearly fill up the bottle with 
Price’s glycerine and shake well, or 
]>our it into another clean kittle ami 
kick again several times. Leave the 
fitopjieretl boXth' for aUmt a week in 
a dark }>laec. Then, with a syplnm, 
draw off the clear jiipitd wliich will 
have collected at tlie Lo]i. Add one 
or two drojis of .strong liquid ammonia 
to every pint of tfie liipiid. Then 
carefully keep it in a stopfiered bottb 
in a dark filace. Do not get out thi« 
stock kittle every time a bubble is to 
lie blown, but liavo a small working 
bottle. Never put any Irtck into the 
stock, III making the liquid, do not 
warm or filter it, or it will bo spoiled. 
Be most careful to expose the liijuid 
to tile air as little as possible. (Hoys.) 

Soft Soap. —(/O For the manufac¬ 
ture of soft tfoa|>s, hempsewl oil, lin- 




Soap ; Soft Soup. 


175 


seed oil, poppy oil, rapeaeed, colza, 
whale, and yeal oils are used. Saponi¬ 
fication in commenced with a lye of O'* 
to 11° B., and the coiiJintfi of the 
kettle kept boiling, until the paste 
becomes of sufficient consistency to 
draw threwlfl out of the sulwtancc. It 
then undergoes the procewi of clear- 
boiling, for which purj lose a lyc of B. 
should used, stirring all the time. 
When tlie jiastc does not sink any more 
—first it ascends—boils quietly au<l 
shows the formation of scales, it may 
]« considered finished. The barrels in 
which it is to be offered to the tra<.le 
should be immediately filled. The 
quality of soft soaps is estimated ac¬ 
cording to their consistency. Green 
soap was formerly niailc of linseed oil. 
It is now, however, made princiiially 
of whale oils, hut as they have a yellow 
colour, manufiw-tuivrs mix the soajia 
nwuleof the wlialc oils with finely-iMw- 
dered indigo, or the indigo-sulphate of 
lime, which is pn*pared by dissolving 
indigo in sulphuric acid, diluting it 
wiflj water, and saturating tlie whole 
with lime-milk. Black soft soa}) is 
made by adding to the soap a mixture 
of a solution of cop^ieras and logwood 
or gallnuts. 

(h) In the manufacture of either 
smoothed or grained soft syap, the 
chief fat used is linseed oil. This, if 
it is pure and of good (juality, makes 
a fine transparent soap, of liisting 
quality and allowing more filling tlian 
other oils. If properly made of Hnsml- 
oil soft soaps will sUnd cold Ixjst of 
any, and even if they luive become 
somewhat turbid during exceptionally 
sharp weather, they recover their 
appearance as soon as it gets warmer. 
The sciid yields from 20 to <’10 per 
cent, of the oil by presHure, and the 
oil will keep a long time without In¬ 
coming rancid or deteriorating in any 
way. Besides linsee<l oil, cottonseed 
and oartlmutoil arc mucli used in soft 
soap manufacture, and for the chefipest 
and most filled kinds, oil sediments 
full of stearine are often employed. 
These answer in the summer, but are 
apt to cause trouble efflorescing in 


cold weather. Linseed-oil soft soaps 
are principally used for household 
purposes, and arc of many varieties. 
Unfilled natural-graiu soft soap is the 
liest, and is preparcnl from 2 |)artB of 
jwle lin^eed oil and 1 part of good 
tallow. If the evaporation is carried* 
on till nearly all the froth lias disSp- 
peared, the sua]> will l>e more durable, 
and faster graining than if the action 
is puH}ie<l farther. For technical pur¬ 
poses oleine gives Ixjttor results than 
linseed oil, and produces more soap, 
weight for weight, hut the oleine must 
, not have undergone decomposition. 

I Distilled oleine is often found to have 
. Itccn j,»rtially decomposed in the dis¬ 
tillation. For some pnr|K)hes, too, 
tallow-olciiie gi'ain soap is not soluble 
enough. In washing fleeces, for 
instance, the hm\ gmin stvip often 
lodges undissohed in the wcxil, espe* 
cially if old soap has Itccn used. This 
is a waste of soap, and liiuders the 
subsequent dyeing operations. For 
such use, the soap is best made fix^m 
oleine alone; or a hard |x)tash snip 
with plenty of carbonate in it may be 
used. Good soaps fur the purpose 
can also begot from ini.\turcsof oleine 
with its own weight of jialm oil, but 
if these soa^is are kept too long in 
stock they lose in solubility. A good 
recipe f(jr a natural-grain tc.xtile toap 
is oleine, 5 lb. ; cottonseed oil, 4^ lb. ; 
hard fat, fi lb. ; Idwiched jialin oil, 
IJ lb. ; an<l raw jBiIm oil, 2 lb. A 
few jx)U!ids of tallow not containing 
too mucli stearine om also be ^\orked 
in, and the hanl fat mentioned can be 
repkveed by bleachctl jMiliu oil. Good 
Ligos oil gives a fine roujxl grain. 
Such soaps can be filled easily to some 
extent, and in winter best with 15° B. 
potash, in summer with 1I1°B. potas¬ 
sium eliloride. It is most important 
to attend to the com].x)8itiou of tb© 
lye. In using .50° H. potash lye, it 
should, in the colder season of the 
year, be mixed with a <juarter of its 
weight of 97 to 98 per cent, carbonate 
of potash in solution, so as to make a 
25° B. lye. Ah with all natui'al-grain 
soaps, these .soft soaps must be got as 
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nearly neutral aa possible. If this 
and the evaporation are properly seen 
to, the soap will dissolve easily and 
the grain will not l^e too solid. The 
washing power of a soap dejjends upon 
Jita solubility and lathering j)ower. 

potash soaps containing resiti are 
the most soluble, the latter substance 
increases the cleansing power. Most 
soft soaps, too, contain an e.'ccess of 
alkali, especially those iiliefl with meal, 
and this alkali still further increaaes 
the washing capabilities of the soap. 
Linseed-oil soft soapj aj*e niwle (|uite 
unfilled, or containing a high percent¬ 
age of ’filling. To get the soap as 
transparent and as light hi colour as 
possible, even tlie jialcst oil sometimes 
is bleached, and in summer cottonseed 
oil is used with it. The bleaching is 
usually done with a 30'^ K. pcitash lye 
not too caustic. When a strong lye 
is used, the dark precipitate wliich 
dontaiua the colouring matter, and 
also the product of the saponification 
of the free fatty acid ongiually present, 
can be utilised in manufacturing low* 
grade soaps. 100 Ih. of lins^ oil 
can be bleached witli 0 lb. to 7 lb. of 
the above lye, the lye being run wliilst 
warm into the oil in a thin stream, 
and being well erutched iuto it for 
half an hour. By crutclung is meant 
the stirring together of tbe ingredients 
by means of a perforated piece of wood 
or iron attached to a pole. If the oil 
is very pale, 5 lb. of lye will suffice 
for the bleaching; but in any case 
bleached oil wants a stronger lye for 
saponification than uuhlofK5ho<l. With 
the latter the lyc should not contain 
much carbonate, and should not exceed 
18® B, in strength. Later, stronger 
.lye is added to prevent the soap get- 
’ ting too thick. For the 8ai>onification 
of 100 lb. of oils, IfiO 11). of 25° B. 
potash lye are used generally. To 
100 lb. of oil in a pan, 25 lb. of 20° B. 
lye and 10 lb. of water are added. To 
epsure quicker union, about 5 lb. of 
rosin^should also be added. Heat all 
ftp and crutch repeatedly; when an 
emulsion is fcmiea, boil it in the pan. 
Now gradu^yedd the rest of the ly% 


boiling up aftere^h addition. Finally, 
evaporate over not too strong a fire. 
In winter it ,iB better not to use soda 
' lye, but in summer soda to the amount 
of 30 per cent, of the fat can replace 
part of the potash. The soda is put 
in altogether, after about one-third of 
, the jiotosh lye is in the pan. The 
rosin is often added at the end, and if 
the soap Is rather alkaline, usually 
; makes, it about riglit. A well-finished 
soap must be thick in the sample glass, 
should .‘’how a good fiower, and be 
quite clear when cold. When soda is 
used, less evaporation is needed. 
Summer soft soaps must not show so 
much dower as a winter-made soap, 

! and should keep better. There may 
be rather more carbonate in the lye i 
the soap is not to be filled, and car¬ 
bonate of putasli can be added. The 
above process gives a very pale aml)er 
soap. For filling, the best substance 
is 13°B. solution of potassium chloride, 
which is erutched in when the finished 
soap lias partly cooled. In adjusting 
or fitting a soft soap, the use of oar* 
bonated alkali Is essential. All soft 
soaps boil tough before tliey are pro¬ 
perly adjusted. When right they 
brea^ off rather short from tlie spatula. 
A piece as big as a half-crown should 
be set atf the edges, but should yield 
liquid soap on pressure with the finger 
in the middle. Subse(]uent filling 
will not do away with the bad results 
of careless fitting, and in any case the 
soap will turn rancid if deficient in 
alk^i, and brittle and unsatisfactory 
if there is too much. The following 
is a good recipe for a well-filled soap, 
Linseeil oil, 100 lb.; resin, 20 lb.; 
meal, 52 lb. ; potash (16° B.), 58 lb. ; 
potassium cliloride (23° B.), 20 lb. ; 
and waterglass, 15 lb. Besides this, 
the addition of from 56 Ih. to 58 lb. 
of fitting lye of 30° B. will be made 
necessary by the filling. It is often- 
asserted tliat more filling is wanted in 
summer than in winter. This is only 
correct when oda lye is not used. 
With filled soaps, excess of lye is to. 
be particularly avoided. If the soap 
Us to be made very fine indigo 
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ifl ground to the finest p(»s8ible powder, 
Ixnlod iu weak Iy<% and added to tho 
pan at tho very IjwI, whcD* the sfKip in 
just going off the boil. The colour is 1 
better and more unif(»rui if the indigo ' 
is ground up with its own weight of 
fuming sulphuric acid, and tlicn left 
to flUmd for several days in a warm 
phwje. The solution is then stirred 
up with soda (jrysUils until fairly 
iioutralised. In tliis way tlie colour 
is made very soluble in the sewp, and 
is crushed into it very easily, giving 
an even-coloured product. AlM>ut 
1 oz. of indigo is used for every (53 lb. 
of soap. Formerly hemp oil was used 
always for green soft soaps. This oil 
resembles linseed in its properties, but 
has a fine green colour. It gives a 
good lejif-greon sewip, hut the liigh . 
pt-ice of heini> oil preeludus its exton* j 
sive employment. Soapmaker and ! 
Perfumer. ’) 

Tallow Soapa.—TosaponifylOOO [ 
lbs. of fat, commenoe by putting the • 
tallow into the liuilcr, and melt it with \ 
a slow boat, mid 70 to 80 gal. of lye i 
of 10® to 12*^ B., stir well, and keep 
a gentle Ore for several hours. Should 
part of Uie fat separate from tho moss, | 
wlueh is ofte-n tho cose, an oily liquid 
will be obaervofl fiojiting on the top. 
Then add, gradually, H6 to 4(3 gal. of 
lye of 15° to 18® B. By this addition 
the whole contents will form a homo¬ 
geneous mass of a greyish-wlii to colour. 
In onler to esUiblish the necessary 
consistency to the paste, boil gently 
for several hours, adding every hour 
6 to 7 gal. of lye of 20° B. The time 
necessary for the first operation is 
from 10 to 12 hours for 1000 lb. of 
fat. After tliis, pass to the cutting 

f rooe8fl,ando])erate as before described, 
t is essentiid that ,care be taken to 
stir the ingredients w-ell while luldiug 
the salt. When the sepanation lias 
taken platie, leave altogether quiet for 
Several hours, and tlien draw off the 
coloured under-lye; 90 gal. of lye of 
25® should then be added; increuse 
the heat, there being strong lye at the 
bottom of the pan, which preserves 
the soap from burnii%. Boil this 
4 


mass from 10 to 12 hours, adding 
eveiy hour .5 gal. of lye of 25°; 4 or 5 
Ijours’ iHuling wdll often be sufficient to 
saturate tlie Hoa[). This Ijeing accorn- 
plislaul, extinguish the fire, leave it 
quiet for an hour, and then draw ofl 
the under-lyc. It will measure frcAn 
I 2.')® to 30° B. To complete the pro¬ 
cess, jnhl alxiut 50 gal. of lye of 4° B. 
Let this lK)i] gently for IJ to 2 hours, 
stirring from time to time with the 
crutch, and finally extinguish the fire 
and cfjver the jwn. The soap will 
separate from the lye, and rise to the 
top. After 5 to 6 hours, while yet in 
a liquid stiite, pour it in the frames, 
taking due care that no lye is mixed 
with it. In the frames it should be 
well stirred for some time. For neu- 
' tralising tlie disagreeable ta]lf>w odour, 

1 to 2 oz. of a well-Bcenteil essential 
oil should !« addwl to 100 lb. of the 
soap, and Jifter 7 to 8 days it may be. 
cut. 100 lb. of tallow wul yieldabout 
170 lb. of 

Tallow Resin Soaps.— Besin, 
incoiporated with a soap, to a certain 
amount, will make it more soluble and 
(letcrsiNC. The ligiiter the resin the 
more it is valued ; 15 {)er cent, of reein 
with 85 per cent, of tallow is allowable, 
but beyond that limit the soap loses 
in colour, in finnness, and quality. 
Even for the cheapest article the 
quantity of resin should not exceed 
33 per cent., otherwise tho soap will 
be soft, and unprofitable to the con¬ 
sumer. The rosin can be saponified 
! with alkali; 12 gal. of lye of 90® B. 
aic needed for every 100 lb. of resin. 
Some Boapmakers melt it with the &t 
at the commencement of the boiling 
fur soap, but a much better product is 
obtain^ by first producing a tallow 
soap, and afterwai^ mixing the resin 
soap with it, made in the meantime in 
a B])ecial kettle. Both mixtures have 
to be stirred and beaten thoroughly 
for lialf an hour, and the wliole passed 
through a sieve before they are filled 
into theframes, and therein well stirred, 
and crutched. Some palm oil, when 
saponified with the tallow, very much 
improves the appearance of the soap, 

N 
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Transparent Soaps are prepared 
by dissolving weU -dried soaps in alcohol; 
but all kinds of soap cannot, with 
equal facility, be thus transformed. 
It is difficult to work up into a solid 
, consistency soaps made of olive oil, 
when treated with alcohol, and they 
invariably assume the opaque form. 
A good suet soap should always be 
preferred,and resin tallow soaps readily 
yield yellow soaps of a remarkable 
transparency. The first step neces¬ 
sary for making these soaps transpar¬ 
ent is to cut them into very thin 
ribbons, which can be done with a 
knife, or with a soap-mill. The soap 
is extended on strong paper, and ex¬ 
posed to the air and sun until it is 
thoroughly dried. It is then pulverised 
in a marble'mortar, and pasa^ through 
a fine sieve. The powder thus ob- 
tmed is directly dissolved in strong 
boiling alcohol. While the soap is 
liquid, the colours and perfumes are 
incorporated with it. Three and a 
half gallons of alcohol of the specific 
gravity of O'849 are generally used to 
60 lb. of soap. A still, heated by 
'steam or hot water, U used for this 
operation, as a considerable quantity 
of alcohol would be lost in a common 
beating pan, and the direct applicatiou 
of fire would destroy the b^uty and 
transparen <7 of the soap. 

UlscellaneouB Beceipts. — 
Purifying and BUaehing Bone Fat 
for Soap Making .—Bone fat is ob¬ 
tained, by steam under pressure, from 
bones, and is often used in soap 
making for brown, mottled, and manu¬ 
facturer's soaps. The soaps made 
there&om are deficient in firmness and 
body, unless some other fat is used in 
conjunction with it. Before bone fat, 
bone oil, or bone tallow, as it is indis¬ 
criminately called, can be used, it is 
required to be bleached somewhat, so 
M to remove its brown colour as much 
as ppssible. The amount of caustic 
r .soda required to saponify it is 18*87 
\ per^nt., and that of caustic potash 
-19-'^'per'oent. <The &t contains 
watef, from a.tra^ to 2 per cent., also 
about 1 ^ ^ per D^t., of mineral matter, 


and many impurities that have to be 
removed before it can be used for soap 
making. To remove the impurities dis¬ 
solve 2^ Ib. of ohioride of zinc (this is a 
very poisonous substance to handle), 
then boil 100 lb. of the bone fat from 
6 to 8 hours in the solution ; afterward 
as a further purification raise the tern- 
peratureof thefattol67°F., then put 
in 2 lb. of soda solution of 34® to 36® B., 
and 1 lb. of sodium chloride (previously 
dissolved in water) to every 100 lb. of 
the bone fat. Keep stirring the fat 
while adding these ingredients, .and 
then let the mixture rest quietly for 
some time. Afterwards pour off the 
clear fat into wooden vats and allow 
it to cool down to 106° F. 

To bleach this purified fat make a 
solution of 8 oz. of bi-chroraate of 
potash in boiling water (cold water 
will not dissolve such a large quantity 
of the salt, and even at tl^ tempera¬ 
ture the sdt will crystallise on cooling 
a few dt^eee), mix this with 32 oz. by 
weight of fuming hydrochloric acid, 
then pour this miiture into the puri* 
fied col slowly at 105° F,, constantly 
stirring, u:id continue to do so until 
the greenish colour changes into a 
yellowish one, then wash the frt by 
means of water, using a sprinkler to 
do thJ. Two per oent. of pennim- 
ganate of potash followed by a 2 pv 
cent, solution of oxalic acid, renders 
the colour brighter. Wash the bleached 
fat so as to remove all traces of the 
oxalic acid. 

Beoovering Qlyoerine from Soap 
Boiler’s Lye .—Glycerine is obtained 
as a lye product in making soap. For 
many years the lyes were thrown away 
as waste, but now considerable quan¬ 
tities of glycerine are recovered. 

When a metallio salt or one of the 
alkalies, as caustb soda, is added to 
tallow, a stearite of the metal (common 
soap is stearite of sodium) is formed, 
whereby the glycerine is eliminated. 
This valuable lye product is obtained 
in the waste lye, and has formed’ the 
subject of severe! patents, hut thert 
is still much room for improvement^.^ 
As these prctessee are au patented. 
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they can be worked only under a 
royalty, and therefore details cannot 
be given, but the followiijg method or 
process is sufficient to enable any one 
to imderbike the recovery of tlie gly¬ 
cerine from the spent lye. 

Draw the lye off from the soap-pans, 
this contains a large quantity of water, 
some salt and soup, and a small (juan- 
tity of glycerine, and the great trouble 
is to concentrate t)ie lye so that tlie 
large quantity of water is eliminated, 
sometimes 10 to 12 days being occupied 
in doing this. The soap and salt arc 
easily removed. 

To remove the soap run the lye into 
a series of tanks alternating m size, 
step-like, so tliat as the first, which 
should be the largest, becomes full, the 
liquor will flow into the second, from 
that into the third, and so on ; by 
tiiis arrangement the resinous and 
albuminous nu^ttors will settle, and 
the soap still couUiin<Kl in the lyes 
will float ou the aurftice, from which 
it is removed by akimmiug. 

After thus freeing the lye of the 
solid impurities, convey the purified 
lye to the glycerine recovering depart¬ 
ment (wooden troughs or pipes may 
be used to do this,) and aft^ concen¬ 
trating by beibting it in a steam 
jacket^ boiler, ami allowing H to cool 
somewliat, ladle out the solid salt iliat 
separates, and afterwards concentrate 
the lye by allowing it to flow into u 
tank, but before doing so let tlie fluid 
come into contact with a hot blast of 
air or super-heated steam, whei-eby, 
the crude discoloured glycerine is ob- 
tdned. This is further purified by 
heating with animal charcoal to de¬ 
colorize it, then distilling several times 
in copper stills with super-heated 
steam. The chief points to attend to 
are the neutralising and concentrating 
the lye os much os possible, then sepa¬ 
rating the salts and solid matter-, and 
afterwards to concentrate the purified 
lye and mix this fluid witli oleic acid, 
oil, tallow or lard. Tlie mixture is 
then heated to 388° F. in a still, by 
steun, and the heat gradually raised 
to 872® F. Stir thee liquor wliilst 


being heated, and allow the aqueous 
vapour to escape ; and when thus con¬ 
centrated, saponify the liquid with 
lime to eliminate the glycerine; water 
is at the same time expelled, but 
this is removed from the glycerine bj^ 
evaporating the mixture. 
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Soda. 

(See also Alkalimetry, 
and Ci.KAHSiNG and Scouring.) 

iTfis not within the province of Work* 
shop Receipts to treat of the manu* 
facture of soda, for it requires an 
enormous plant and outlay, with con¬ 
siderable skill and the employment of 
skilled labour, but there are a numlier 
of useful purposes that soda is put to 
which may be desciibed. As a clean¬ 
ing agent its powers are well known, 
and for various uses it ia probably a 
substance mentioned in different ports 
of these volumes more often tlian any 
other. These, however, need not l>e 
rejmted. The basis of soda is the 
metal, sodium, the salts of which are 
mostabundautly distributed. Common 
salt is chloride of sodium, wliile washing 
soda is crystallised sodium carlxinato ; 
the nitrate, carbonate, and sulpluvte 
also form considerable geological de¬ 
posits, and the silicate occurs in mivny 
minerals. The metal, like potassium, 
(Vm be prepared by electrolysis, but 
{ess easily. A second method is by 
decomposing caustic soda with metallic 
■ iron at a white beat; and a third, 
which is that adopted on an industrial 
scale, consists in igniting a mixture of 
soda carbonate and charcoal, the ojwra- 
tion giving rise to no risk of explosions 
as is the case with potassium. In 
practice, 66 lb. common soda-ash ia 
well ground up with 28J lb. slack or 
Small coal and 6} lb. chalk, and the 
mixture is put into an iron cylinder 
S ft. 9 in. long, and 5 in. in diameter, 
coated with fire-clay; this ia intro¬ 
duced into a reverberatory furnace, and 
heated to whiteness; ite ends are closed 
by iron plates, one being traversed by 
a‘ 1-in. iron gas-pipe, through which 
the gases and sowum vapour escape, 
the ktter being condensed by passage 
through a cooling reedver and falling 
inte- a dry iron pot placed beneath, 
while the escapiz^ carbon monoxide 
bums with a yellow flame and forms 
no explosive compound. The operation 


is made nearly continuous by arrauging 
the cylinders in sets in the furnace, 
and discharging and rechai’ging them in 
turn. The actual product is only about 
one-third of the ihooretical yield,owing 
to losses incurred by part being volati¬ 
lised and burned, part adhering to the 
, receiver, and part being imperfectly 
reduced. The metal thus obtained is 
pure enough for general use, and only 
needs to be remeltod and cast into 
rods 1 ft. long an<l 1 in. thick ; these 
will keep in dry air in closed vessels 
for a long time, beiKaning covered 
with a tliiii coating of oxide which pre- 
' serves them from further attack ; but 
small pieces should be stored under 
petroleum. 

“ W. R. Thompson lias proposed a 
novel method of preparing all llie 
alkali metals which, if successful, would 
greatly reduce their cost. The re¬ 
ducing agent used is liquid iron, oitlser 
alone or in conjunction with hydrogen 
or carlxtn, the o[)eration being per¬ 
formed in an apparatus resembling a 
Bessemer converter. In the prepara¬ 
tion of scKlium, iron mixed witli an 
' equal quantity of carbon is treated 
with caustic sc^ in the converter, and 
the sodium said to be formed under 
these circumstances is simply distilled 
off.” (‘Analyst.’) Tliis does not 
appear to offer muesh tulvaiitage over 
, Gay-Lussac and Tli^narJ's process, 
already mentioned (the second method 
spoken of). 

Metallic sodium has a silver-white 
colour and lustre ; itiahardat — 4° F. 
(— 20° C.), very ductile at 82° F. 

, (0° C.), of a waxy consistence at ordi- 
' nary temperatures, Bemi-fluidatl22°F. 
! (6Q° C.), and melts into a mercury-like 
1 liquid at 204° F. (O.'iJ® C.); itoxidises 
in moist air, volatilises at a red heat, 
and has a sp. gr. of O'9735 at 56° F. 
(13}° C.); in the conductivity of beat 
and electricity it ranks after gold, and 
in electro-positiveness after silver, 
copper and gold ; it forms with potas¬ 
sium an alloy which remains liquid 
; below 32° F. (0° C.), if more Ifl 
parts potassium are combined with 10 
I of sodium, {t is commercially eoi* 
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ployed as a reducing agent in the pre¬ 
paration of other metals (aluminium, 
boron, magnesium) ; and*ita amalgam 
with mercury is largely used in place 
of mercury alone for catching fine and 
dirty gold in the apparatus employed 
for treating auriferous ores. 

Carbonate of Soda.— In work¬ 
ing to chemical reci})es it sliould be 
noted that when carlwnate of soda is 
mentioned, it does not often mam 
washing soda. Tlie lattcjr, when speci¬ 
fied, is given its own name, or may 1)0 
mentioned jis s<Hla crysUds or s;d-soda; 
for although it certainly is carb(»nate 
of soda, the crystals are chieHy ma<le 
up of water—tlio water of crystfdlisji- 
tion. 100 ))arts of washing soda con¬ 
tain 37 pirts of carlK)nate of soda and 
63 parts of water. Pure dry carbonate 
of sodiv bas the formula (NajCO,), 
while wasiiing soda is iNa 2 C'Ojl<.)HjO. 
It follows that in efiectiveness 37 
parts of the carbonate are equal 
to 100 parts of the washing cryshds, 
and ciUculating on this hisis either can 
be used in working out a recipe. 

Bicarbonate of Soda.— This is 
carl)ODatc of soda converted to bicar- 
Iwnatc by passing carlwnic acid over 
it until it will aljsorluiu more. It can 
be very clicjiply pnnluced. Tiiis is one 
of the chief ingredlentti in liaking- 
powders, seltzogone i)owders, etc. 

Sulphate of Soda or Glau- 
ber’fi Salt. —The making of tliis re¬ 
quires lai^e plant and an experienced 
staff, but the following is a brief out¬ 
line of Leblanc’s process. Common 
salt (chloride of sodium) in a nnsler- 
ately fine state is fed into an iron 
still, and the necessary proportion of 
sulphuric acid (oil of vitriol) is run into 
it. A chemical action immediately 
takes place, and os soon as this ceases 
heat is applied to continue it as far as 
possible. The result of tlxis is the 
evolution of hydrochloric aci<l vapour, 
while the remaining mass is neutral 
Bulpliate of soda, As the hydrochloric 
acid ^I'oducod is a valilable product, 
this is recovered by causing the vapours 
to pass up several tqjvers which are 
cooled with running water. Here the 


acid is condensed and collected. The 
rough s(Kla sulphate when taken out 
of the still is first dissolved in water, 
tlien crystallised out. 

CauBtic 8oda (Sodium Hydrate). 
This is a substance requiring larg^ 
; plant and an experienced staff for^ts 
! production on a commercial scale. The 
I process resembles that of sulphate of 
I soda right up to the pi-oduction of the 
raw soda cake and hydrochloric acid. 
The Bcala aike, after iKjing bn)kcn up, 
is mixed with limestone and coal and 
licated in a rcvcrljcrating funutcc, the 
production l)eing an iinpurc carbonate 
of soda. This is made into a fluid 
: with water, then suiqccted to heat 
and evaporated to a dry condition, the 
result being wimt is called soda ash. 
This latter matenal i« again dissolved 
I in water, and a cerbiin amount of 
! slaked lime a<lded, wiiiuh on lx)iling, 
produces caubtic soda, with carbonate 
I of lime as a by-prtKiuct that could be 
I dispensed with. The liquid caustic 
I soda is then heated to a dry state, the 
I heat l)oiiig continued until the residue 
. is fused. This fused moss is then 
I {)Oured into pms to cool, and mokes 
\ the fibrous cakes of caustic soda as 
usually obtained. A small quantity- 
could lie made by first melting some 
j carbonate of soda in water, adding a 
I tliin solution of lime, and boiling to- 
; gethcr. The result would be a solu- 
I tion of caustic soda. 

I Stannate of Soda.— Take 4 parts 
j of caustic soda and 2 parts of powdered 
! native oxide of tin (tinstone) and fuse 
them together. When melted, add a 
small quantity of hot i^ ater, then allow 
to settle and decant off the top clear 
li(|uid. Heating and e^•aporat^on will 
reduce this liquid to fluid stannate, 
while further evaporation will cause 
crystallisation. Tlie crystals can be 
separated from the remaining liquid 
(when cool), and after lightly washing 
are dried. The remaining liquid mate¬ 
rial can he evaporated to dryness, and 
this witli the insoluble part, fronf 
wliich the liquid was decanted, can be 
added to the next lot made so as to 
prevent waste. 
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Silicate of Soda or Water- 
OlaBS,—Boil together, under pres* 
Bure, ground flint and a strong solution 
of caustic soda. Or heat together in 
reverl>eratrory furnace 100 parts soda 
180 parts white sand, and 3 parts 
charcoal. This substance resembles 
glass, but is soluble in water. As a 
rule it is not obtained in a hard mass, 
but in a thick solution like syrup. 

Testing Soda Solution for 
Boilers.*— To test the strength of a 
soda solution a salinometcr is used, 
this lieing a simple instrument (like a 
milk tester) which sinks more or less 
in a liquid according to its density or 
powers of buoyancy. Thus, if a solu¬ 
tion of 50'’ to 54° density is required, 
the right strength can be tested by 
floating the instrument in the fluid, 
and if it sinks to a mark between 50° 
and 51°, it would be correct. If it 
sinks.too low, i.e., to a figure below 
60°, then more soda is added; while 
if it does not sink to 54° the solution 
is too strong and more water is needed. 
If a large quantity is required, the 
whole not be i^e and test^ in 
this way. It will be sufficient if a 
certain quantity of water—1 gal. or 
6 gal.—be taken, and the quantity of 
soda needed to make this of right 
strength accurately noted. This will 
give the weight of soda ret]uired per 
gal. for the whole bulk of water to be 
treated. 

The Use of Washing Soda 
in Uizing Cement. —The effect of 
using washing soda in mixing Portland 
cement is to make its preliminary 
setting very rapid. As an ^ent to 
cause cement to harden quickly, soda 
serves a certtun useful purpose, but 
beyond thifi its presence may prove 
haimful. It will be seen that it 
amounts to mixing a soluble substance 
with the cement, one that can be 
washed out by rain or other wet 
influenqes, and this must leave the 
cenjenb porous to a slight extent. It 
*•< will also, due to the wasliingout, show 
a salty bloom oh the work on dry days. 

To Clean UiBCO,lonred wash¬ 
ing Soda. —Washing soda goes a had 


colour with age, and is usually put to 
dish-tub washing and not for clothes 
washing, ^uch soda may be cleaned - 
to a fair extent by washing it in a 
little cold water, then draining off the 
dirty liquid and drying the soda in a 
warm oven. The correct way of clean¬ 
ing the soda, if possible, is to calcine 
it, then dissolve in water and evapo¬ 
rate until it crystallises out again. 

Common Terms for some 
Preparations of Sodium. -("om- 
inon or hible salt, chloride of sodium; 
Glauber’s salt, sulphate of sodium ; 
marine salt, chloride of sodium ; salt 
of soda, carbonate of sodium; washing 
soda, carlwnate of sodium (hydrate); 
wonderful salt, sulphide of sodium; 
baking powder, bicarbonate of soda, 
with tartaric acid. 

B>emoving Soda Stains.—<^) 
If soda should stain an oak floor, it 
must be bleached out as follows. Mix 
a little chloride of lime with water to 
a paste, Bprea<i it thinly on the stained 
part and let. it remain lialf an hour. 
Remove witli a sponge, and apply to 
the part a solution of I part of %dro- 
chloric acid and 0 parte water and 
leave for another half hour. The 
marks should now lie gone, but it may 
be found tbit some of the colour of 
the wood has Ijeon bleached out also, 
and this must be toned down with 
a little colouring matter. Vandyke 
brown dissolved in ammonia is suit¬ 
able, but every care must be used in 
applying it sparingly as too light a 
tint is easily darkened, but too dark 
a colour is not easy of remedy. 

(5) Soda-water will quickly mark a 
polished wood surface. The liquid 
should be wiped off directly it gets on, 
if possible, failing which a rubbng 
with linseed oil may restore the fjart. 
If tills fails repolishing mustboresortod 
to, first cleaning the place with finest 
glass-paper. 
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Solders, Soldering and 
Brazing. 

{See alto Allots, Lead Burnino, 
Tinning, etc.) 

Soldering h bn)adly divided into two 
kinds of work, soft soldering and hard 
Holdermg. With the former, the 
solder is composed of lead and tin, 
while, with tlie latter, the solder 
(spelter) is composed of copper and 
zinc, with occasionally silver. In 
making up soft solders it is important 
that no zinc enter in the composition, 
Hard soldering is better known as 
brazing, and, as a matter of course, 
hard solder can only be used with 
metals that will withstand the heat 
necessary to melt the solder. 

Soft Solders (for tinman’s use, 
plumbers’ wiped joluts, and the mouth 
blow-pipe. 



Le^. 

Mfiltlng 

T«-mpera- 

Uses. 

» 

Tin. 

ture In 
DcRivea 
Fabr. 

— 

— 

. — 

-- - 

1 

3 

480 

Coarse plumbers’ 
solder 

1 

2 

440 

Good plumbers’ 

. solder 

3J 

6 


Fine plumbers’ 
solder for seams, 
angles, etc. 

1 


370 

Ordinary copper 

li 

I 

334 

Fine tinman’s 


1 

834 

Ordinary blow¬ 
pipe 

2 

1 

340 1 

Fine and harder 


1 

366 1 

blow-pipe sol¬ 
ders 

4 

1 

360 ) 

• 


Copper. 

1 

Zinc.' 

Silver. 

Usee. 

0 

2 

1 


1 • 

Hardest, for iron 

li 

1 


Hard, for iron and 
' copper 

1 

1 


Ordinary, for brass 
& copper (melts 
at lowest tem¬ 
perature). 

1 


4 ■ 

Hardest 

1 

1 ! 


2 } 

1 General use 

1 


1 

Softest, but will 
not burn 


Solder for Aluminium. — A 
tent of recent date, hied in the 
8. A. patent odice, reads as fol¬ 
lows :— 

(n) I melt together, for heavy work, 
h parts of tin, 4 parts of lead, and 
then add to this 6 parts of melted 
aluminium. 1 then add 1 part of 
zinc, and after mixing the same thor¬ 
oughly, iKiur the composition into 
moulds and allow the same to harden. 
For small or lighter work, I vary the 
proportions in the following manner : ^ 
6 parts of tin, 5 parts of lead, 4 parts 
of aluminium, and 1 part of zinc. 

The above compositions form an 
alloy which melts at a considerably 
lower temperature than the aluminium 
or parts to be soldered, and I find 
that DO flux or scraping of the alu¬ 
minium to remove the oxideis required, 
and that the oxide that forms on the 
aluminium will not affect the joining 
of the metals or parts when the proper 
heat is obtained. It is understood, 
of course, that the last-named compo¬ 
sition melts at a lower temperature, 
and is preferable for light and delicate 
work. 

In employing this solder it is undef- 
stood that the usual brazing fire of 
gas and air for imputing a high heat 
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la used, and into wWch the aluminium 
or part to be soldered is placed, it 
being advisable to avoid having tot) 
much back heat from the bricks. 
The parts to be soldered arc heated 
until the outer surfaces brigliten or 
sightly soften. It is beat to keep 
the solder near the flame, ko that wheu 
a joint is heated sufficiently the solder 
is ready to melt and drop thereon 
in sufficient quantities to solder the 
same, after which a small paddle is 
used to smooth over the joint. It is, 
of course, understood tiiat if thcalu- 
miuium should get too hot ft should 
be allowed to cool for about one 
minute. When the joint is finished 
it should be allowed to cool slowly— 
tliat is to say, it sliould not be pkwcd 
in water, for a quick cooling is apt to 
crack the soldered joints. I liave 
found that after a joint is cooled and 
finished it has the ap}.)earunco of pure 
aluminium, and will not oxidise or 
tarnieh. ('Ameriuaii Macliinist.’) 

(&) Melt together 5 parts tin, 4 
parts lead, and add 6 uieltod 

aluminium. Then add 1 part zinc. 
Mixthorouglily, mould aud cool. For j 
light work, 6 parts tin, 5 parts leiul, ' 
4 parts aluminium, 1 part ziuc. No j 
flux needed. The second melts at 
lower temperature. Employ with the 
usual brazing flame. 

(c) To make the solder, use the 
following : llismuth 10 parts, zinc 30 
parts, and pure tin 60 |)artH. Melt 
the bismuth and zinc first, then add 
the tin ; pour the whole into moulds 
about 1 ft. long and about the size of 
a pencil. To do the soldering I use 
a stick of solder, an old nickel alu¬ 
minium spoke, and a blow torch. 
Hold the pieces to be soldered in a 
vice or any convenient place, apply 
the flame from the torch to them 
until they are hot enough to melt tlie 
solder when it is applied, then sempe 
the surface to be soldered with a file 
or scraper. Melt the solder on to each 
piece aud work it around with the 
'Spoke; now hold the parts together 
in front of the flame, move the torch 
away and let them cool, and the mend 
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vsill be as strong as if it never was 
broken. (* English Mechanic.') 

(d) In Fsince' five different admix¬ 
tures of jiluminium, copper and ziuc 
are used in making sohler for alu¬ 
minium. They are as follows:— 


Aluminium, parts by I, 
weight . . . . / 

12 

9 

7 

6 

4 

Copper, ditto . . . 

8 

6 

r, 

4 

2 

Zinc, ditto .... 

80 


90 

94 


The aluminium and co]){)er arc first 
melted together, then the zinc is 
a<lded. The co})per is first melted, 
aud the aluminium, divided iuto three 
or four portions, is gradually introduced 
into the melte*! copiJer, a perfect mix¬ 
ture being olluetcd by stirring. When 
tlielast jSJrtioM of aluminium has been 
Midded tiinm in the zinc, and at tiic 
same time some fat or resin, then stir 
(juickly an<l briskly, immediately 
remove the crucible from tiie fire and 
pour the alloy into iron moulds pre¬ 
viously rubl)e<l with cojd tar oil or 
licuzene. 

• For soldering nluminium with the 
i)l<m-pipc the following composition is 
recoimneudwl: Silver, 10 parts; cop¬ 
per, 10*, alumimum, 20; tin, 60; 
zinc, 30. 

For soldering with the common 
soidcriwj iron use : Tin, 95 parts, and 
bismuth, f>; or tin, 97 parts, and 
bismuth, 3. The flux to be used in 
all cases is cither jjaraffin, stearin nr 
vaaeliue. The articles must be well 
cleaned I)eforc soldering, and heated 
just enougli to make the solder adhere. 

(t) iS'()fdcrin{/ of Aluininium Bronze. 
To solder aluminium bronze with ordi¬ 
nary soft (pewter) solder: Cleanse 
well tlic j>arts to be joined from dirt 
and grease. Then place the fjarts to 
be soldered in a strong solution of 
Bulplmto of copper, and place in the 
hfctli a rod of soft iron kiuching the 
parts to be joined. After a while a 
copper-iike surface will be seen on the 
motai. llernove from bath, rinsequite 
clean and brighten the surfaces. These 
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surfaces can then lie tinned hy using 
a fluid consisting of zinc dissolved in 
liydrochloric acid in tlie ordinary way 
with common soft solder. 

(/) H'tJoi'is >So/der for Ahminium 
^roTurr.—Lcad*tin solder (etjual parts 
of lead and tin) with 25, or 50 
I)er cent, of zinc amalgam. 

Solderine.—Melted with a match 
aud re(juiring no flux. This is a special 
solder sometimes used by electricians 
for Riiudl wire joints, and it lias 
also Ixxiii so]<l as a solder for home 
use, though iU (juajitie.s fortliis latter 
jmrposc are not very go(»d. Have 
made sonic small tuljc of very soft 
solder and fill this with powdered resin. 
Tins is all that is necessaiy, and it 
may be used with a niatcli flauie or any 
heated object. 

Cold Soldering.—Various nos¬ 
trums Iiave lieen proposed from time 
to lime which ])rofess to be reliable 
methods of soldering without heat; 
but, when tiled, they Imve generally 
proved to Iw useless. The hdlowing 
recipe, wliieh is due to hletuher of 
Warrington, will be found to be moi'c 
trustworthy. It must home in 
mind that, though the first prej^rii- 
tinu is tedious, a large <{uantity of the 
materials cim Ixi uuidc at once, and 
tlie actual soldering process is w simple 
and quick as it well can be. 

Flux .—1 |Wrrt metallic sotlium to 
50 or 60 of mercury. Tliese combine 
on liciug shaken in a bottle. If this 
is too riiucli trouble the sodium amal¬ 
gam can be lK)ught, ready mmle from 
any chemist or dealer in reagents. 
This sodium amalgam must l)e kept in 
a stoppered bottle closed from the air. 
It has the property of amalgamating 
(equivalent to tinning by heat) any 
metallic surface, oast iron included. 

iSo/dtr.—Make' a weak solution of 
copper sulphate, alamt 1 oz. to 1 qt. 
of water. Precipitate the copper by 
rods of zinc. Wash tlie precipitate 
two or three times with hot water, 
drain the water off, and odd, for every 
3 02 . of precipitate, 0 oz. or 7 oz. mer¬ 
cury ; add also a little sulphuric acid 
to assist the combiuatitm of the two 


metals. When combined, they form 
a paste which sets intensely hard in a 
few hours, and this paste should be 
made, whilst soft, into small pellets. 

When wanted for use, heat one or 
more of the pellets until the mercury 
oozes out from the surface in sn^l!^ 
beads; shake or wipe them off, and 
rub the pellet into a soft paste with a 
small mortar and jiestle, or by any 
other convenient means, until it is as 
smooth and soft as ixvintcrs’ white- 
lead. This, when put on a surface 
previously amalgamatal by tbcswlium 
aud mercury, oillieres firmly, and sets 
perfectly hard in alwut 51 houi's. The 
joint can be partetl, if necessary, either 
by a Iiammer and cold chisel, or by a 
heat alwut sufficient to melt plumb^s' 
sohicr. 

Dry Soldering.—The process 
consists in bringing the soldering plane 
of the heated soldering-iron in contact 
with the dry lead chloride. When 
the lead chloride is melted the solder 
is taken up in the usual manner and 
applied to the joints to bo united. In 
tins manner lead, zinc, copper, brass 
or iron can be readily solilered with 
load witli or without the use of solder¬ 
ing liquid. This interposing r61c of 
le^ chloride for soldering pur^Mses is 
also valuable for metallic coatings in a 
dry’ way by melting one metal upon 
the other. Tlie articles to be coated 
are brought successively or simul¬ 
taneously ill contact with the melted 
lead chloride and the metal which is 
to furnish the coating. According to 
the shape of the article to bo coated, 
tlio melting may be effected either 
upon the article itself or the coating, 
accomplished by dipping the object 
into the melted substences. Copper, 
brass and iron can in this manner be 
coateii with zinc, tin and lead. 

Expanding Solder.— A solder 
wliich expands on cooling is made of 
lead 6 parts, bismuth 1 part, and 
antimony 9 jiarte (all by weight). 
This is useful for fixing metals in stone 
or for filling crocks or lioles. * 

Soldering Fluide and Fluxes. 

A flux fulfils two purposes, (a) the 
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prevention of scale or oxide fonuation 
that occurs when metals %re heated ; 

(&) it aids the flow of the solder and 
assists in causing adhesion. 

(1) Killed Spirits" (known also 
^as cUoride of zinc solution).—^To pre- 

pve this, take some hydrochloric acid 
(^so called muriatic acid) and put 
zinc cuttings into it. An effervescence 
will at once take place and zinc should 
be added until this ceases. When the 
addition of zinc makes no disturbance 
the acid is said to be killed, and this is 
the “ killed spirits," so largely used in 
certain kinds of soldering work. It 
is used for general purposes, including 
copper and brass, but not when there 
is the least difficulty in cleaning the 
joint afterwards, as active rusting is 
caused by the spirit if not carefully 
wiped off. This flux has a cleansing 
effect, and when used for soldering 
zinc it need not be “killed." 

(2) Hcsin, plain or with oil, is a flux 
for general use, an<l no injury by rust 
or other cause need be feared. It is 
largely used fur lead and tin pipes. 
It is imperative tliat the surfaces be 
very clean, as this flux has no cleans¬ 
ing effect. 

(3) Tallow, or “ touch," is com¬ 
monly used for lead soldering and has 
no objectionable features. 

(4) Gallipoli oil is used for pewter. 

(5) Borax is used for hard soldering 
or brazing. 

(6) The addition of a small quantity 
of sal-ammoniac to killed spirits (1 oz. 
to 1 lb. of spirits) increases the cleans¬ 
ing effect and overcomes the trouble 
with greasy seams. 

(7) Soldering jluid as used for soft 
solder in the 'U,S.A. Arsenals. —Take 
killed spirits 1 part, ordinary commer¬ 
cial glycerine 1 part, ^choho] (wood or 
grain) 1 part, and mix together. 

(8) To killed spirit add one-third 
its volume of spirits of sal-ammoniac, 
and about an equal quantity of 
soft water. This has no rusting 
effect on iron, and is an excellent 

‘fluid. 

(9) QaudAtmt Fluid, —For copper 
and broiun. A mixture of finely 


pulverised cryolite and a solution of 
phosphoric acid in spirits of wine. 

(10) MiUler's Fluid .—For cop^, 
brass, and copper alloys. This consists 
of a solution of phosphoric acid in 
alcohol. Dissolve phosphorus in nitric 
acid and evaporate the solution to 
drive offauy excess of nitric acid. Mix 
the syrupy mass with an equal quantity 
of alcohol. In use the phosphoric 
acid dissolves the oxide, and the com¬ 
bination, which melts under the sol¬ 
dering iron, is displaced by the luelted 
solder which then comes in contact 
with tiie bright metal surface ex¬ 
posed. 

(11) A New Fluid .—Dissolve 1 part 
of lactic acid and 1 part of glycerin in 
8 parts of water. This is not corro¬ 
sive nor injurious to those constantly 
using it. It is said to be harmless if 
used for fruit tins. 

(12) Soldering /’as^c.—Mix starch 
into a chloride of tin solution until a 
tliin paste is ubtaiued. It is often 
more convenient of application than a 
fluid. 

(18) Plua for Brazing.—^hstoWoyi’ 
ing is an extract fn>m a patent filed in 
the United l^tates. 

“ Among fluxes in use for hard sol¬ 
dering and bra^ng, borax has liitherto 
been l)e(>t because, unlike other fluxes, 
it is equally applicable to all cases of 
brazing, and because it surpasses all 
other materials in dissolving different 
oxides. The use of this salt would be 
universal were it not for the fact that 
during the expulsion of its water of 
crystallisation by heat it intumesces so 
strongly that it is shifted from the 
place where it has l>een put, and often 
falls, together with the spelter mixed 
with it, into the fire. For this reason 
the operator must start with an excess 
of the flux, and must add more thereof 
during the brazing operation. Much 
material and labour would be saved 
therefore, if this objectionable property 
of borax were set aside. A furthw 
drawback to the use of this salt is that 
.the surfaces to be brazed must be caiv 
fully cleaned before the borax is 
applied, and eren contact with greasy 
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or dirty fingers frequently spoila the 
surface for brazing. • By this invention 
the foregoing' objections ai® overcome 
by substituting for borax constituents 
which form sodium Ixirate during the 
brazing operation. Such constituents 
are boric acid and a sodium salt, like 
sodium carbonate. The action of the 
mixture containing Hodiuin carbonate 
is as follows :—When the surface to 
which the mixture has been applied 
is heated, or even if the mixture is 
applied wet, the sodium carbonate 
cleans tlic surface from grca.se and the 
like, and tlien frits itself on to the part 
thus eleaiisetl. The boric acid tends 
to inturnescc somewhat; but Ixiiug 
intimately' mixed with the sodium 
carlxmate it is lichl in place thereby. 
When the mixture is further heated, 
the carbon dio.\idc is evolved and 
' sodium borate is formed. The latter 
is anliydrous under these conditions 
and does not intumosce. The dis¬ 
solution of the oxides from tiie metals 
to }« brazed is very energetic ivnd 
rapid. In wliat ims been said it is 
itnpiicd tliat the proportion in which 
tlic constituents arc mixed is such 
that sodium lx>rate is formed on heat¬ 
ing the mixture ; but either constitu¬ 
ent may lie used in excess of this pro¬ 
portion without affecting the* inven¬ 
tion. An a<ldition of sodium chloride 
to the mixture enhances the efiect by 
rendering the molten mixture more 
fluid.’* 

The following is the “claim” of 
this patent;— 

“1. A flux for lirazing contjwning 
Bodiurn carbonate and boric acid inti¬ 
mately mixed together, sulwtantially 
as shown and described. 

“ 2. A flux for brazing, containing 
sodium carbonate, boric acid, and 
' sodium chloride intimately mixed 
together, substantially as shown and 
described.” 

Jewellery Solder. — In the 

manufacture of jewellery the first 
essential operation is soldering. To 
solder two pieces of metal together, 
«an alloy is used which melts more 
easily ^lan either of Ijhem. It is a 


well-known but unexplained f^t that 
alloys melt at a temperature less than 
the metals of which they are composed. 
Thus, if some common solder, com¬ 
posed of lead and tin, is heated to a 
temperature much less than that of 
coi)per, it will amalgamate with ajIR 
melt into the copper. For this pur¬ 
pose, however, the copper must be 
perfectly clean. To clean it, mere 
Bcniping with sand or emery paper is 
not enough ; for the heat would cause 
oxidation, and tlms continually recoat 
it with (jxide. We need, therefore, a 
solvent for the oxide wliich sliall not 
be driven ott’at tlio soldering heat. 

For soldoring bniss, copper, or tinned 
iron, a solder is used comjwsed of lead 
and tin, called plunder’s solder, and 
made liard, i.e., one lead to two of tin ; 
medium, and soft, i.e., one lead to 
one of tin. The copper or brass Ie 
well cleaned, and then covered with a 
little resin, or else with liquid chloride 
of zinc, often mixed u ith sad-ammoniao. 
When heat is sppliod, (lie water in 
wliK'.h the chloride of zinc and sal- 
ammoniac are dissolved is driven off, 
and tl^e salts then fuse into a liquid 
shite, in wliich condition they power¬ 
fully dissolve the oxides on the metals, 
and allow the solder to adhere. 

But plumber’s solder is weak, and 
would never do for jewellery, bemuse 
any trace of lead in or upon gold in¬ 
stantly permeates deep into the metal, 
and renders it brittle. We thus require 
a harder solder. This is to be found 
by mixing gold with silver, copper, or 
brass. 

Here, however, we are presented 
with a fresh difficulty. The brass or 
silver is volatile, and at a great heat 
might be driven off. Again, the chlo¬ 
ride of zinc and sal-ammoniac, that 
answered as fluxes at the low tempera¬ 
ture of plumber’s solder, must be 
replaced by some solvent which better 
resists heat. 

The danger of volatilisation of the 
more volatile parts of asolderis guarded 
against by heating the work well before 
the solder is put on, and a convenient 
flux is found in borax. 
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There is, however, yet another 
danger. If a small piece of gold is to 
be soldered to a large piece the small 
piece gets heated first, for its surface 
being large in proportion to its bulk, 
^ it absorbs heat rapidly. In consc* 
(Jtence, the solder rushes off to the 
small piece and bathes it, leaving the 
larger piece dry. 

Moreover, borax presents difficulties, 
for it contains a great quantity of 
water of crystallisation, which causes 
it to bubble u]) when heated, and dis* 
loelge the work, and burst open joints 
in which it luus lieen put. These 
difficulties may, however, be got over. 

First, as regards the borax, if it is 
melted (so as to drive off the water) 
into a brittle glass, and then finally 
ground up to an impalpable paste with 
the j>etroloum which has been descrilied 
for use with grisaille, it will give no 
trouble by bubbling. I believe this 
plan is new, and it is certainly effec* 
tive. 

In the next place, care sliould 
taken to heat the larger pieces first. 
Thus, if a very small bit has to lie 
soldered on to a large 
thin surface, the heating 
should be done fromthe 
back of the bigger piece. 

Plumber’s Work, 
To make an upright 
joint, Fig. 116, get the 
metal well heated and 
use justbefore it becomes 
blood colour; have a 
good iron in the fire ready 
for using. Having pre¬ 
pared your pipe (to enter 
about a quarter of an 
inch), next get some 
shaving or paper, and 
make a collar to catch 
the metal as it falls, after being 
gplaahed upon the cleaning where 
i the pipes are to be jointed. The 
collar is usually made with shavings 
’ (Worked into a wis]), and tied round 
»the lipe close up to the joint, leav¬ 
ing al»ut 2 in. space between the 
bottom of the cleaning and the collar, 
BO that the solder lying upon the collar 



' may impart any heat it may retain to 
the pipe; it will be found easier to 
j wipe the jvrints if the solder is kept 
close to the pipe. On large jobs it 
I may pay to make a leatl collar, to 
catch the metal as it falls ; tiiis collar 
is cut out of sheet le;wl alxmt 4 to 6 in. 
wider than the pipe, with two ends to 
; lap over eiwh other. I'he collar is 
jHiar-shaped loforc fixing, and is gener- 
; ally supported by driving a chisel into 
the wall. 

: The metal is usually splashed on the 
pipe by means of a splasli-stick—a 
j small stick cut and shaped like a 
I miniature cricket-bit. Some plumln-Ts 
carry a splash-stick mailc from hoop- 
iron, but tlie original of stick is 
much preferretl, as it ilocs not scratch 
tlic soiling, as the heat of the 8"ldor 
chars the wood, and makes it stifl. 
The American ])luinljer )iour« the metal 
on the clotli, and allows it to run from 
tlio cloth on to the joint. If tlio 
, metal is good and not too coarse, and 
the pluinlier is an adept at liis work, 

; the joints may be ma<lc without an 
iron; but the usual method is to use 
' an iron on aoil-pipo work. The iron 
! should be well heated to a blood colour 
' and cleaned with an old file, called a 
: rubber^ before t!ie plumber has it put 
into lus liands. It is the heljier’a 
work to see tliat everything is in order 
for the plumber when he is ready to 
wipe the joint. 

For underhand joints, Fig. 117, the 
pipe is prepared the same way as for 
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upright or vertical joints, and the 
^etal or solder treated as before; 
the only difference in this •work being 
the quality of the metal, which should 
bo a little coarser than for upright 
work. It will be seen that it is gene¬ 
rally better to leave underliand joints > 
till the last, Ss the solder always gets. 
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coarser as worked. If the solder is 
too fine the tin will run to the under 
part and pnni-nt the woi4cer ^^ettinj; 
away from tiie iHittom of the jtiint. 
When the metal is ]X)urcd on for this 
joint, it sliould lie j'rjKlually poured 
over the cleaning, always diking care 
to keep the eohl metal off the soiling ; 
this is done hy keeping the pipe \v(!ll 
heate«l, hy pouinng, or rather throw¬ 
ing, the metal in small (juantitics fntm 
the ladle. If the iiKital is hs) hot it 
will he <]uite a work to keep it from 
burning tiirough. hut, as pnicliee is 
everything with tlie plumhe;r, i\n it is 
with other trades, I cun only siiy, “ If 
at first you don’t su(!cee<l, try again.” 

The jirojier length of a -l-in. joint 
should lie alsmt Ji in. : ujider this 
length they look tlumpy, and alxwe 
this l(‘ngth they an* more awkward to 
solder, and the metal usei] is simply 
wast^'d. 

Overcast jifints, Fig. 118, fwesoldojn 
made hy iiKHlern plumhers nowadays, 
and neve}'hy u good Kiiglish workman, 
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There are different methods for making 
this joint—for instance that adopted 
by the French pluniliers, who generally 
make the joint with a spirit-lamp, and 
the solder in sticks. The flume of the 
lamp is brought to play upon the metal 
and cleaning, and the solder gradually 
worked on the pipe. When he lias 
sufficient metal or solder placed upon 
the pipe, he works it round with a bit 
of greased cloth of any description, 
not, as we do here, with a tick or 
moleskin cloth of nice ])roportion8. 
After he has formed the joint roughly 
he has a tool very like a small tumpin 
on a piece of iron wire ; this is used 
for giving the joint the finishing-touoh, 
or to make it look as if overcast. The 
body of solder is warmpd up after the 
joint is formed, and Uie greased turn* 


pin-like tool rublxjd up and down the 
joint, giving it a ribbed or overcast 
apj)earance. I have heard a gocxl deal 
said about French pluml^ers, but as 
plumbing is the art of lead-working, we 
must not throw discredit on the ability, 
of the French menders of the craf#, 
as we might learn a great deal more 
from them than niost of us dream of 
in the art of working load. 

A tafted block or flange joint is 
shown by woodcut Fig. 119. This 
makes a first-class connection for pipes 
not subject to any great change in 
temperature ; hot water should never 
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be let into pipes fixed in this way. The 
block liaving been fixed as before des¬ 
cribed, the joint is formed by tafting 
the female end of the pipe about to be 
united over in the form of a ledge to 
receive the solder, and then cleaning 
the tafted piece and the male end of the 
pipeabout 1 in. up,afterwhichthe joint 
is wiped. It is called a “block joint” 
only when supported on a wooden 
block. Core must bo taken to see the 
arris is not too sliarp, but nicely 
rounded to prevent the wood cutting 
through the lead: this is generally 
done by the plumber with his rasp. 
In first class work the joint should 
have a lead collar or flange about 3 in, 
wide, which is sometimes soil^ all 
over although many plumbers like to 
see a portion of the clean lead on tlie 
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outside of the collar. Fig. 120 shows 
the collar on plan with section through 
pipe, before preparing the cleaning for 
the joint. The reason why hot water 
should never be led into a jiij* fixed 
with block-juints is that the sudden 
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expansion will soon cause the pipe to 
crack near tlie joints, owing to the 
contraction which follows in cooling 
after the hot water has passed, and 
whicli always tends to pull the pipe in 
two at the block, which is too stiff to 
allow the pipe to expand and contract 
freely. 

Branch joints, Figs. 121 and 122, are 
thcMie where the horizontal pipes enter 
the vertical pipe, and rice vma. They 
require making very carefully, as the 



FtS. 131. 


least burr or raggedness on the inte¬ 
rior of the pipe would cause an obstruc¬ 
tion to the paper and matter passing 
through it. One of the most import¬ 
ant things a plumber lias to contend 
^•witli is to leave nothing for hair or 
paper to lodge upon at the joints. It 
tt surprising to see the vast quantity 


of hair that will be taken out of a 
stopped waste pij)e, either of lavaton'ee 
or sinks of,any kind if stopped at the 
joints. The branch joints are ]»re- 
pared in tiie following wayCut a 
slit in the pipe that is to lie branched 



into, with a Rmnll round hole at each 
end. If for a soil pipi widen out tlie 
hole with a bolt or bending pin, and 
wlien wide enough use the dummy, 
taking care to leave the lead standing 
up J inch at least alxive the pipe at 
the ends, and the sides level. Soil 
carefully as for other joints; then 
mark round the prejiared portion with 
the compasses or shave-hook, guided 
by the thumb and fingers, say 1 inch 
deep at the sides of the joint, 1J inch 
at the ends, so that the cleaning looks 
a little bblong, see Fig. 123. Plumbers 
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generally shave their jointa aa 
suited to their wiping, and practice 
usually determines the width of the 
cleaning. Any pipe branched into the 
main pipe should always have an easy 
fall towards the drain or sewer if used 
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for Boil or waste pipes; for those under 
pressure it is not so important; still, 
it is better to have a rule.and adhere 
to it for all kinds of branches, and the 
rule is to let the Joints enter the way 
the stream flows. 

When wiping branch Joints support 
your pipe close to the Joint, and have ] 
a boa^ underneath to catch the metal i 
as it falls from the cleansing when I 
splashed on. A small piece of board 1 
siiould be placed under the pipe to 
support it and prevent it from sagging 
when making the joint, as it is very 
apt to do when heated. The branch 
piece should be securely fixed by struts 
to take the weight of it, or be other* 
wise held firmly in its place when lieing 
wiped, and not heavily weighted, as 
it would tend to flatten the pipe, the 
lead when warm giving way under the 
least pressure. Horizontal branch 
Joints, or connections to horizontal 
soil or waste pipes, should have a fall 
whore possible of 1 inch at least to 
every foot run, and more where con¬ 
venient. 

Where the soil pipe runs horizon¬ 
tally, as Fig, 122, it is necessary and 
important to pay careful attention to j 
the * position of the pipes where i 
branched into each other, and it should | 
be constructed in such a way as to I 
allow a piece of wood equal to twice 
the diameter of the pipe to pass 
through the horizontal pipe with the 
stream and enter the down pijje; a 
connection is bad, in fact, if inch 
pipe will not easily allow a match to 
pass tlirough it, the usual length of 
which is ul^ut 2^ in. , Just double the 
diameter of a m. pipe. If the pipe 
that is to be .bmnehed into a horizon- | 
Ul one is upright, bend slightly or 
curve- the end of the upright pipe 
where it enters the horizontal soil 
pipe, to give it the rake or ^1 required 
to allow a free passage for the soil, etc., 
without obstructing the passage in the 
pipe. 

Where short lengths of soil pipe are 
fixed instead of wiped Joints, taft, or 
round or bead Joints, Fig. 124, are 
sometimes made, and *may be used 


with safety if properly worked. These 
Joints are very neat in appearance, and 
if well made are as strong and durable 
as any kind of Joint that can be used; 
the only drawback is that they must 
be made on the bench, 
or where the pipe citn * 

be turned over, so that 
the metal may be floated I 
on to the lead as the I 
pipe is being turned. ■ 

To prepare tins joint, 
see that both ends of 
the pi])e about to be 
Jointed are perfectly 
true and even, and then 
rasp the two edges on I 
the bevel, so as to form I 
I a small groove, prepare I 
I with soil, etc., as in 
I making soil-pipe Joint 
; to take the met^. The 
joint, is made up with Kjo. I 24 .. 

, the metal by means of 
I thehatchetbit,andtheiifioatedin small 
I lengths with it. The bit is placed 
’ across the seam when floating or finish- 
: iug off (not as in floating soil-pipe, 

I the same way as the seam); as soon 
as the metal flows, lift up the bit and 
drop it on further round the Joint, 
taking care that you do not allow the 
previous portion of the metal operated 
upon to set, otherwise the joint will 
present a ragged appearance when 
finished, showing clearly that the work¬ 
man did not understand the nature of 
the metal he used or the method of 
using it. 

It often happens, more especially 
when new work is being made good to 
old, that Joints in very awkwara and 
inconvenieut places have to be made, 
for instuice between two 9 in. Joists, 
with a ceiling under thejape, which 
must not be disturbed. Tms is a time 
' when the plumber requires to put on 
I his considering cap ; yet, with a little 
, thought, the joints may be easily made, 

I without either burning the hands or 
I wrist, or in, any way interfering with 
[ the quality of the work. To make a 
j joint of this description, cut the mpe 
! away at the top aide, nearly one-third 
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through it, and say 4 in. long from 
the position where the two pijies join 
each other, sec Fig. 125, oniiic under 
side formagn- ' ". so as to receive a 
body of solder, ui.d sliave the pipe 
^t,pl6an and solder it intenially to the 
boight cut away, taking care, of course, 
to leave the pipe unobstructed where 
soldered. Next make a caiiping-piece 
of sheet lead, and place it over the 
portion of the pipe cut away, and 
scribe the same on the ,»i( i, soil the 
outside as for soldering, ano shave the 



Kiu. 125. Fio. 126. 


pipe and capping-piece, and wipe round 
in the usual manner. Fig. 126 shows 
the section through inside joint and 
cap fixed in position ready for wi]>ing. 
The result \^1 be a joint part inside 
and part outside, the latter portion 
bdng on the top of the pipe; this, it 
will be seen at a glance, makes a first- 
class joint. This system may also be 
employed for making upright joints in 
cases where the wall must not be cut 
throughj or Where you cannot get to 
the b^k of the jobt to splash on the 


metal nr wipe it, or the pipe Ixiing 
fixed in facetl stonework which must 
not hn cut away. 

The sizes of plumbers’ wiped Joints 
that arc usually worked to arc given in 
the following table. In regard to the 
thickness, if the parts are ])r»f)erly 
prepared and fittei,! the diameter of the 
joint—the solder—at the centre shouhl 
be about lialf aa great again aa the dia* 
meter of the pipe. 

Plumber’s Wiping Cloths.— 
{ti) A pair of navvy’s old fustian or 
' moleskin tromsors make the l)eal cloths, 
j but failing these, new moleskiu, bought 
• of any working-man’s bailor, can be 
[ ustxl. The new material should be 
thoroughly wasiied to take out the 
dressing and make it soft, ft should 
then 1x5 cut out and foIde<l to the 
sizes given in the tabic below, and 
a little touch, or tallow, rubb^ on 
tlie working side. 

With new material the nap is rather 
long, and the solder clings to it; but 
by slightly scorching it with a hot 
iron or gas flame this does not take 
place quite so much. The fustian 
should be cut into strips, the width 
being equal to the length of the wiping- 
cloth, and folded with the undergrain 
of the material in the direction of th(5 
wipe when using it. The edges should 
be free, and the top corners only 
tackeil with sewing thread. 




Sire of Cloth in 
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Inches. 

Inches. 
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21 
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6 
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2J 
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3 
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7 
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3 
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4i^ X Zi 

7 
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41 X 4 

41 X 31 

.8 

2 

3* 

i4S X 4} 

4i X 31 

8 

3 

3* 

6 X 41 

s xs}; 

9 
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6 x6 

8 x3}, 

10 

5 

3f 

7x6 
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10 
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4 

• 

8 x7 

81 X 3| 
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(h) If ticking w u«ed, then there 
are three kindw of l)ed-tick, namely, 
coltoii, UJiion, ami linen.* The union 
tick \ti the Iteat for making wijjing- 
cloths. The cotton s<K>n weain out 
U'caUHe it so easily Kcoj*ches, ami the 
linen eventually Ix'comes wo hUiooth 
that it tloes nt>t “drag” the wohler, 
hut slips over it. Ilut the Ixjst mate¬ 
rial is moleskin, or fuwtian, which ciui 
lie oi)tamctl from any working-mmi’s 
Uitlor. Old iiioli'skni. howtiver, is the 
l>ost. The lH‘tier pirt.'of nav\ic.s'or 
engineers' old svorn-oul. moleskin or 
fustian trtuz.sers and jackets make very 
good (doths. 

The si^^e.H for wiping-ejoths vary ne» ' 
cording to tiio ideas of the plutnlH-Ts | 
wljo use them, rmlerliaml cloths j 
t’aiig(‘ from in. X in. for ^ iti. [ 
joints, to !> in. x h in. for ■\ in. joints. i 
Vpiigiit eloth.N vary fnmi 2^ iti. X | 
y in. to -1 in. x (> in. for joints on : 
pipes from i in. to I in. in <liameter. I 
branch are irom ‘2 in. x 2 in. to 1 in. i 
X y itn, according to the size of the 
pipe. Wiping cloths for seams are 
eimiUr to tlioso for upriglit work, .uid 
for angle wiping they are fnmi 2 in. 

X U iu. to 4 in. X y in., aeeording 
to the width of tlio sliaving on tlio ; 
leml; the first dimension in eacli case | 
being the length of the clotii running j 
from tho wrist to tlio tijw of tiio j 
fingers when held in position for i 
wiping. The clotlis vary in thickness 
from 4 ami 5 to 8, 10, and 12 fchls, 
according to tho thickness and softness 
of the material u.sc<l, and tlie sizes of 
tho joints for making which tlioy are 
to be employed. 

The fine ribs under the nap of tiie 
material should run leiigthwiae of the 
clotli. The wrist ends of tiio cloth 
Bhouhl be sewn with needle and thitiatl, 
and the material should he folded at 
the fingers’ end, tlie sides lieing left 
loose and optm. It is always advisable 
to use a pluml'ierB’ iion when wiping 
joints. (‘ Plumber ami Decomtor.’) 

Electrically-heated Solder¬ 
ing Iron.— Arthur P. Weeks, writ¬ 
ing in the ‘ Scientific Anierican,’ des-. 
cribea a practical Holderiug iron, or 


I copper bit, which can be heated by 
I connecting it up to an electrical cir- 
; cuit. Pig. 127 illustrates the details, 

I the description being as follows : The 
i cure C can be made of iron or copper. 

I dut a standard thread on jip?* 

end, leaving a shoulder so as to make 
a tiglit fit on washer A. At the 
opposite end the washer 
does not fit over the 
core; but a hole is 
drilled for a screw’ \ in. 

No. 20 round head, 

§ in. long. Tlie dark 
lines iudicato the mica 
, lining. After fitting 
; the mica on the core, 
put mifanite rings over 
each end. These will 
assist iu holding the 
mica in place. The 
lx*wt fit of mica can bo 
mmle l>y using tliin 
piecus, and {lasting 
them around until t) e 
dcsiivd thickness is at¬ 
tained. The insulating 
washers at each end 
should 1)6 of the best 
mioauite, commonly 
used for commutator 
segments, since it is free 
from mica cement, and 
therefore very homo¬ 
geneous. 

The coppc)' tip can be 
made from an onlinary 
soldering copjaT, cut 
otf, drilled, and tap{»d. 

The outside shell can !« 
made of steel tul»c with 
an end {liece brazed on, 
and a tulie, D, brassed 
thereto. Seveml boles 
should l)e drilled in this 
tube for free air circulation. Have 
' an ordinary tool-handle of wood. 

I The washer B serves also as a rest or 
; guide for the outer shell E. The only 
point at which tho shell is secured in^ 
any way is at the copper end, where 
4 or 5 small machiue screws are used 
around its circumference. 

Before putting on the shell, and 


n 
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after the copper is secured in place, 
all is in readiness for winding on the 
wire. This is the important part of 
the operation. German silver wire 
has been used with more or less 
•tsuccess, but it is rather short-lived. 
Itiupp iron wire is extremely desirable, 
and answers the purpose well. The 
writer has triecl several sizes of Avire ; j 
for ordinary use No. 26 B. and S. will 
be found satisfiUJtory. Put the copper | 
in a lathe and pus one end of the bare { 
wire through a mica-lincd hole close 
to the core, as shown on lower side. 
Much depends on this insulation, j 
Wind Cfirefully, spacing the turns i 
about the tliickness of the wire, or a I 
little more. When the first layer is 
wound, cover it over with mica, tlie 
same as was used on the cure. Do | 
not let the wire slacken at all. Wind ! 
the following layers in the same way, 
insulating carefully l>etwccn If : 

properly proportioned, tlicre is space 
for four layers of wire, The copper j 
should heat suftieicntly to make solder ' 
flow well in aliout five minutes. Since ' 
the mica will not endure excessive 
heat for lung, the wire must \» well : 
proportioned. This can easily be j 
ascertained by trial. (When the tool i 
is in use, favour it as much as possible ; 
by shutting off current.) When the ] 
fourth and last layer of wire is com- j 
pleted, bring the end out through a 
well-insulated hole at the top of 
washer, B ; and where the winding is 
finished, pass a piece of bare wire over 
the last layer of mica, and twist it 
near the washer where the wire passes 
through, to keep the AAire from slack¬ 
ing up. Tie again at centre and at 
further end, to retain mica. Make 
connections for asbestos-wrapped wires 
,in the handle as shown. Make a loop 
at each end, ahd pass a small stove 
bolt through them. Insulate the bolt 
with asbestos; allow a little slack in 
handle. Connect a lamp plug to the 
end of wires, S, allowing as much wire 
as'desired. As constructed, there is 
no way to ooke the wires fast to bind¬ 
ing posts; this has simplified the con¬ 
struction, aud will be entirely satis¬ 


factory, provided the tool is not allowed 
to swing from the outside wire, S. 
To make this'part still more complete, 
binding posts can be set in, however, 
in the outer end of the handle, and 
providetl with suitoble shell over them. 
Avoid using fluid flux too freely on 
the copper wliile at work, lest it find 
its way into the windings and cause a 
burn-out. 

This soldering iron should take from 
1 to 2 amps, on 110-volt circuit. It 
can be connected to any lamp socket, 
and used in perfect saiety in places 
where there is gre<it fire risk. It is 
especially useful wlicre torches and 
gasolene stove.s and charcoal pots are 
prohibitetl. The copper tips ore re¬ 
newable. When the wire is rendered 
brittle from continued use aud abrojik 
occurs, it is iKJst to rewind rather tlwwi 
try to patch it up, smee it would not 
last long, but would continue to open 
right along. The writer luu nacd sili¬ 
cate of ho<{a with cunsidcrable success 
for cementing tlie wires in plaoe, 
This Clin Ixi tried later, and where 
greater heat is rc^juu-ed with special 
soldering devices, or where wire pass¬ 
ing 5 to 8 amps. U used, and mica will 
not answer at all, some such medium 
must be used, unless the construction 
is such* that porcelain can be utilised 
for insulation. 

Where silicate of soda is used, the 
entire iron windings should be baked 
in an oven lieforc applying current. 
The material will then be solid 
throughout. 

There arc few troubles incident to 
i the use of an electric soldering iron. 
Usually if an iron fails to give out 
heat, it is due to an open circuit in 
the windings or at the connections or 
in the attachment plug. The attach¬ 
ment plug should be fused. See that 
it is always intact. 

An ojien circuit may be due also to ' 
complete oxidation, as well as to fusing 
caused by a short circuit in the wihd- 
ings. Again, if the windings become 
grounded—that is if they touch the 
shell in places that would short-circuit 
the coil—the ^'use will blow until the 
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feult LB remedied. For this reason the ping to breathe—in fact, to render the 
insulation must be careful and thor* blowing perfectly independent of the 
ough throughout. Look yell also to breathing. How to do this is most 
the insulation where the wires pass difficult to describe. It comes as an 
through the washer, and cover them instinct to most users of the blowpipe, 
thoroughly witli asbestos from the ; but many fail totally to ])r<Hluce 
point where they leave the waslicr, ■ continnouH hla^t, notwithstanding the 
using the previously mentioned mica pmctic-il and tlieorctical instructions 
paste. I wliK'h have so re|)Ojvte<i]y been given. 

In damp places it is well to stand ' it would appear, as nearly as the 
on a board while using the iron. In process c-an l>e descrilred, that the 
locations containing much iron con- cheeks are fillcHl with air, ami that 
structiou, do not luindle any part of ^ whilst the bre-ith is inhaled through 
such construction with one band, ! the nose the mouth is closed at the 
while using the iron with the other, back by lifting tlie liack part of the 
as a ground on the system may occur, i t<*ngue (nob the tip) against the roof 
and should another take place on the of the mouth, the air being taken into 
opposite side while thus engaged, : the mouth by “ gulps’’and the cheeks 
injury is liable to follow. | acting as au clastic reservoir. This 

The Piumher’a Blowpipe.— ; Iweomes so cjisyU) many cont-tant users 
Blowpipes are a ine<vnH of introducing ' of the hlowpi|)c that it is common to 
air, under pressure, to the internal find workmen who can keep up a stoa^ly 
part of au ordinary fiamo, in such a and heavy blast for 15 or 26 minus’s 
manner as to supply rapidly theaiuouiit without tlie sligljtest brcaik or irrepu- 
of ozygeu necessjiry for {xjrfwst com- larity, the breathing going on steadily 
bustiuu. The quicker tiiis oxygen can aud without cllbrt all tlie time, 
be mked with the fiame the higher Plunilwrs and gasfittenj frcHiuently 
the temperature obtained and the hold the hIowpi|)e Iwtwecu the teeth, 
smaller the fiame—in fact, given a without auy support for 
certain definite amount of com)»u»tiblc the tip, hut very few con 
matter consumed in a certain time, j hold it stcotiily so as to 
the smaller the fiamo obtained, the ^t the best work out of 
higher its lemi)craturc. • it, as the jet of air must 

For cxamjfie, givcu two gas flames bo directed into one exact 
oonsuming uiu;h 5 eub. ft. fKir hour, point of the flame to 
the flames Ixjing of difiereut sizes, the get the best results, 
smallest flame has the highest tern- The difficulty of holding 
|)crature, and is the most efficient for the blowpipe steadily is 
heating puriM)beB. It will Itesecu tl at greatly reduced by sol- 
when a blast of air is directed into the dering on to the stem, 
middle of a flame, the size of the flame al>out 1 in. from the 
is instantly reduced, and, provided the i ojwning, a curved plate of 
air aup]>ly is not in excess, the tein- 1 tin or Britannia metal, 
peruturo of the flame is increased in shown in Fig. 127 a.^ ^ 
exact proportion to the retluetioii in With this addition, ^ 

its size. The simplest and most the blowpipe is not only 
generally uswl form of blowpipe is the held in the teeth, but W 
common plumber’s or jeweller’s pat* the plate, being curved Fjo. 127i. 

tern, aud it is afitonisliing what wonders to the shape of the mouth, 

can be done by this simple instrument forma a support to the lips, and 
with a little practice. increases the power of blowi^ 

With the mouth blowpipe the first lieavy pressure. The plate is some- 
thijig to be learnt is the art of blowing times made small enough to go in- 
in a continuous streauP, without stop- aide the lips, and is preferred by 

0 2 
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many when useil in this manner. 
Whether used inside the lips or out¬ 
side, it is a great advantage, steadying 
the blowpipe, and reilucing the labour 
of blowing very considerably. 
i-It may l»e taken, as a rule, that tlie 
mouth blowpipe cannot lie used with a 
jet over J in. in diameter. Few can 
use one with a jet even this size, and 
the work wliich can lie done by the 
mouth is therefore limited in dimen¬ 
sions. It is coiihiderwl a maximum 
feat for an average workman to melt 
an old copjK)r halfjHmiiy on a block of 
pumice-stone, and any one who can do 
this may consider himself as good as 
fihe crowd, and better than a gmxl 
many, so far as liis blowing capaliilities 
arc coiieorned. 

Of the multitude of ditferent forms 
of blo\vpi])e none is so well suited to 
general plumlerh'and gashtters'workas 
the common laj>er Lulto, curvoil to a 
rightangleat the end, with the mouth- 
plate previously descrilxid. It can l>c 
used to direct the Haine either to the 
right or left, wlthou*’ the asRistanoc of 
the liaiids, and in tiic most confined ' 
and awkward positions. It is a com- ' 
mun practice to use with this blowpipe I 
a tallow candle with a broad wick, but 
the power of this is not sufficient for 
many purjioses. The advanb»ge of the 
candle is that it is often useful to ob¬ 
tain a light in dark places. The candle 
may be very well superseded by a 
small cup about the size shown in 
Fig. riS, or a sharic larger, packwlwith 
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slag-wool or asbestos, and covered over 
the top with wire gauze. Kising from 
‘the side is a featW, with a tufje on 
top, into, which the blowpijKi fits 
tightly. When wanted for use, a few 
drops of spirits of wine, or a mixture 


of this and turpentine, must be poured 
out of a small lK)ttle into the cup, and 
ignited This then Isjcomes practically 
a large flame eaudlc,which requires no 
holding, and therefore sets the hands 
at lil)erty, the flame l)cing at the same 
time larger ami more powerful than 
that of an ordinary aindle. 

For soft soldering lead, tin, pewter, 
or BriUvnjiia metal, the common plum- 
! Iters' soft solder, extntaining two of 
I Iciul and one tin, shouM lie used, but 
' for otiier and less fusible materials, 

, where then; is no <langer of molting 
holes in tiie work, it is Iteltcr to use 
, pure tin or Brihnmia metal as a 
solder. 

Workers in Britannb metal com¬ 
monly use as a sob.ler thin strips of the 
sjune motrd as the l>ody of the work. 
A workman wiLlmut e-xporieucc would, 
at tile first attempt, melt l>otii work 
and solder at onct;, jw Injth would fuse 
at tlie same temperature. This, how¬ 
ever, can ejwilyltepreventai by direct¬ 
ing the jxnnt of the blowpipe flame 
only on the solder (as it may lie called), 
and making a jerking flame by repeat¬ 
edly closing the }>lowjiipe with the tip 
of the tongue. This intermittent jerk¬ 
ing flsune is of the utmost importance 
in all (Jelicate work, as, by regulating 
the interval, it is possiljlo to produce 
and keep an exact temperature, stop¬ 
ping, increasing, and rolucing the heat 
precisely as it is required. By the 
use of this jerky flame the solder can 
be kept at cxfictly the temperature at 
wliich it will work in a jiasty form, 
and weld up solid with the body of 
the work without ever becoming pro¬ 
perly fluid. 

Tliis process of sohlering, as will be 
seen when hard soldering is treated 
on, is precisely analogous to the raid¬ 
ing of wnmght iron; it is in fact a w eld¬ 
ing process, although commonly called 
soldering. To assist in sliapiug and 
making a nciit joint, a blunt metal 
point (usually steel or iron) is used, 
wliilst the solder is in a jwsty state, in 
the same manner and for the same 
jmriKjse as a plasterer uses his trowel. 
Home good workmen affect to dMpise 
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the plasterers* art as applied to solder¬ 
ing, hub usually they find out their 
mistake, and sooner or later otlopt it 
for many classes of work. 

Of fluxes for soft solder there are 
four in general use. For zinc or iron, 
hydrochloric (muriatic) aci<l; for tin, 
Britannia meUl, pewter, brass, etc., 
the same acid in which hits of zinc 
have l>een dissolved until it will ttvke 
no more. Tliis forms what is known 
as chloride of zinc, or “ killed spirits 
of salt.” Vowdcred muriate of am¬ 
monia (sal-ammoniac) niixcil into {laste 
with W'ater, is equally gowl, and moi'c 
convenient h) carry about, and many 
of the highly-yiraiscd soldering fluids 
consist of a mixture of the two last- 
mentioned compoundH. ly comes 
coinnmn yKJwderud nisin, I'ul lliis is 
not well suited for use with tlic blow- 
pi)ic, and (h)ps not allow the solder lf> 
run so well and freely. 

It will, of course, l)e undcrstocnl 
that in soldering bulky or lica\y work 
the pfirts of tins work noiu' the solder 
must 1« made hot enouglt, so as not to. 
eoinluct the heat away, ora g(x)d 
joint canimt lie ol)tainod. 

It is, tln-reforv, necessary l^o have 
s\)mc w)uroe of heat more iHjwerful 
than eitluT a candle or the sulwiituto 
previously nuMitioned, ami inauctjuaily 
jK>rhible form. Thu best 1 know is a 



lamp made of tin, of the form illus- 
tratftlin Fig. 129, in whiclioither Bj)irit8 
of wine, turpentine, or petnfleum oil 
can be used. Thevwiel^hnlder should 
be mwle to take five or six tiucknesses 


of soft wick, 1 in. wide, sido by si<le, 
so as to form a good body of substance 
to carry up the fuel freely and make a 
large flaring flame, as large as can be 
taken up by a full-sized blowpipe, and 
the full blowing power available. By^ 
raising or lowering the wick, tl!b 
flame may be made larger or smaller 
os rutiuired for the work in hand, and 
a tin cap will extinguish it when done 
with. 

When a workman has to earry his 
lamp alwut, the ciif) should fit as 
closely as {wssible, and a ring or loop 
should also be soldered underneath the 
wick tulsi nut far from the end, into 
wliifh a loop of chain or cord is fas- 
tcncjl. If the lHni]i is hung by this to 
the handle of the tool basket, there 
need 1 h^ no fear of a mess, as the open 
end will always be upwards. The 
filling liolo in tlie box must always be 
closed with a screw ctvp or well-fitting 
cork. 

For otid work, in places difficult of 
access, a more han<ly arrangement can 
lx? mmlo by dipping strips of soft flat 
wick in Ullow and pliveing them, 
whilst the tallow is still soft, in a pile, 
squeezing them t-ogethcr so ns to form 
a solid mass u£ wick, saturated wflth 
tiUlow, measuring, say, I in. by ^ in. 
in Bection, These blowpii)e candles 
or torches can lie easily and cheaply 
made in quantilios of miy size, and 
should, when cold, l>e wmpped in two 
or thre o folds of jwper, wfliich can be 
torn oil' close to the burning part aa 
ru(juired. The {)aper serves asaholder, 
and catches any drip, provided too 
mucli tallow has not been used in the 
manufacture. 

Wliere available, there is no fuel to 
equal gas for general blowpipe work, 
ami ill using the blowpqie already 
referi'cd to, with gas, it is usual to cut 
a notch or gnxive in the upper aide of 
the open end of a | brass tube, so aa to 
allow the top of the blowpijie to rest 
ill it, pointing in the same direction aa 
tho opening in the gaa pipe. The«* 
blowpipe tip should then be placed in 
the notch, and a wire bound round 
both iu such a manner that the blow- 
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pipe 18 )ieW firmly in position, and still i 
can lie easily drawn out liackwards. | 
This arrangement forms a carrier for . 
the blowpipe, wliich leaves the hands 
at lilierty, and enables the whole | 
Ityention to be directed to the work ' 
in hand. A short length of tube made , 
like this could he carried in the tool* | 
bag, and connected to any available | 
gas supply. ! 

For hard soldering, where the solder 
used melts at a heat approaching red¬ 
ness, and sometimes at a still higher 
temperature, the same form of blow- ! 
pi{)e and the same source of heat are 
commonly used, except that as the 
work is usually done in fixed work¬ 
shops, the sources of heat do not re¬ 
quire to be portable, and are therefore ! 
t usually confined to gas, or, where this 
is not available, to the lamp previously ! 
referred to, the lamp having fixed on 
the upper side of the wick tube, in a 
convenient position, a support of wire, | 
or other material, to carry the front of 
the blowpipe. Sometimes the blow- 
pipe is made as a simple straight tube, ' 
sliding in a loose collar, the blowpipe 
in this case being about 3 or 4 in. loug. 
At the opposite end of the jet is fix^ 
about 14 or 10 in. of smalHndiarubber 
tubing (feeding-bottle tube), which is 
used for blowing. 

The sliding motion of the blowpipe 
is necessary, so that the jet con either 
be drawn hwk, giving a large rough 
flare for gener^ heating, or it can be 
pushed into the flame, so as to take up 
pwl only and give a finely pointed jet 
on any i)art where the solder requires 
to be fused. 

When gas is used, the sliding motion 
of the blowpipe is not necessary, as the 
flame can be altered equally well by 
the gas tap, and it is therefore usual to 
make gas blowpipes with fixed jets. 

The fluxes ubm for hard soldering 
may practically be reduced to one, i.e. 
borax. No other is of sufiScient general 
advantage to be worth mentioning. . 

; Ftir braiing, where powdered or 
grain spelter (a very fusible'brass) is 
used, the jxnTa is mixed as a powder 
with a spelter, usually with a little 


water, but sometimes the work to be 
bra/.ed is made hotand dipped into the 
dry powder mixture, which partially 
fuses and adhere.^. In either case, care 
is requisite not to bum or oxidise the 
grains of the spelter with the blowpipe 
flame, or it will not run or adhere to 
the Hurface to be brazed ; and for such 
small work as can be done with the 
mouth blowpipe it is better to discard 
spelter entirely, and use either common 
silver solder, which is an alloy of one 
silver and two of tinned brass pins, or 
what is still belter an alloy of tliirtwn 
parts copper and eleven parts fine silver. 
If fine silver is not easily to be got, the 
same alloy can be made by equal 
weights of copper and c<:|in silver. 

The soldersliould be rolled into thin 
sheets, cut into small bits of the shapes 
and sizes required, and put into a small 
saucer, containing a rather thin pwty 
mixture r>f powdered borax and water. 

surfaces of the joint to lie soldered 
should 1)6 brushed witli this mixture, 
using a small oamel-Iiair brush, the bit 
of solder being put in its position 
either >sith the brush or a fine pair of 
tweezers. 

The heat of the blowpipe must then 
1)6 applied very slowly. The borax 
dries qp and swells enormously, fre¬ 
quently lifting the solder along with 
it. The borax then sinks down again 
and begins to fuse. There is now no 
risk of blowing the solder away, and 
the full blast can be at once applied, 
directing the flame principally round 
the sglder so as to heat the body of the 
work. When hot enough, the solder 
begins to fuse and adhere to the work, 
ami the flame must now be instantly 
reduced to a small point, and directed 
on the solder only, which usually fuses 
suddenly. The 'instant the solder 
runs, the blast must be stopped by 
the tip of the tonne, or in delicate 
work mischief may M done which may 
take hours to make good. One great 
difficulty with beginners is in solder^ 
i^ two or more parte in exact 
tions relatively to each other, tWe 
parte being qj sueh a form that they 
cannot be held in position. 
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The way to overcome the diffioulty 
is thin: With a stick of l)ecB^vax, the 
end of whicli Ims l)een ^lielted in a 
small flame, stick the jjarts together as 
required. The wax is sufficiently 
soft when cold to admit of the most 
exact luljustmenLof parts, and it must 
surround the parts only which are to 
he soldered. Make a mixture of about 
equal parts of plaster-of-Paris and 
clean sand, and stir this up in a cup or 
baKsin with sufficient water to make a 
}»astc, turn it out on to a sheet of 
paper, aud lied the work to be soldcretl 
into it, hiking care that the part 
covered with wax shall l>e freely ex¬ 
posed. 

When this is set liard, say in alxiut 
ten minutes, slowly warm it over a 
Bunsen flame, or ne<ir a fire {if sud¬ 
denly hwited it will brwvk up); ■wipe 
the melted wax off with a small hill of 
wool; apply the bonvx, and solder as 
before mentioned, and continue the 
slow heating up until the whole mass 
is hot enough to contpl<‘te the solder¬ 
ing with the blowpipe. 

If a l^ht bit has only to lie carried 
or held in |X)sition after fixing with 
wax, as l>efore uii^ntioned, a bridge or 
arm may be made between the two 
pieces with a very stiff paste ^lade of 
common wliitiug and water, or a mix¬ 
ture of clay, whitiiig, and water. This 
being only small in bulk, dries much 
more quickly than the plaster and 
sand, but it recjuircs also very slow 
heating at first, so as to drive tlio 
moisture out gnulually, otherwise, it 
explodes as steam is formed inside, aud 
the whole work Ims to be re-com- 
ineuced. 

Tlie Indian jewellers in makiiig fdi- 
gree work use clay alone for holding 
the parts together, but it is very slow 
in drying, and refjuires much more 
care in use than either of the forms 
given. 

WTien soldering, the work has to be 
supported in such a manner that it 
can be turned about and its )K>Bitious 
altered quickly, more especially when 
a fixed blowpipe is u^^d, and for this 
purpose it is common to use either a 


lump of pumice-stone or a small sheet- 
iron }jan with a handle, and filled with 
broken lumps of pumice, broken char¬ 
coal, and plaster-of-l’aris, or other non¬ 
conductor. Tlic liest material is 
willow ch.arcoal, and the best result 
can 1)6 obUiined by its use, n« buniffig 
with the heat of the blowpipe, it gives 
off heal and assists the workman, giv¬ 
ing a greater power than wlieu any 
other Kup{K)rt is used. Oak charcoal 
is nut admissible, as it crackles and 
disturlis the work. For a permanent 
! support, which docs not bum away to 
any practical extent, the l)eBt is a mix¬ 
ture of fiuely powdered willow charcoal 
and a little cliina clay, made into a 
stiff paste with a ricc-flour starch, and 
minmed into a mould. Tliese are to 
Ik* Iwught in uuiny shams, and are the 
most convenient for all purposes. ' 

The I'eceipts for making gold solders 
will bo found in l)ooks treating specially 
on golil working. As a rule, tlie alloy, 
or rubbish which is commonly sold as 
I gold, can hardly l»! wifely soldered with 
anything much k'ttcr than common 
soft solder, and it is not safe for an 
amateur to attonqit to reptur any of 
the so-called gold jewellery, wUch 
sometimes coutalns the large propor¬ 
tion of one of gold to two or thrw of 
alloy, and in aiUlition is often weighted 
inside with pewter, lejid, or something 
of the kind e<juttliy unsatisfectory to 
tlie purchaser when he diBCovers it by 
the total collapse of his cherished 
ornament. 

Speaking generally of the mouth 
blowpipe, the most practised users, as 
a maximum feat, might, with gas, 
soft solder a 3-in. lead pipe, or, with a 
lamp, do the same with a 1} in. pipe. 
In hard soldering (with silver solder or 
spelter), it is usually as much as cw 
be done to solder properly any wwk 
weighing over 3 oz. if gas is ; or 
about half tliis weight with a lamp; 
although in exceptional caras, using a 
charcoal support, these weights may 
be exc.eeded, and more especi^ly if t\» 
bulk of the work is heated up by a fire or 
other means So as to admit of an extra 
strain being put on the lungs for & 
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short time for finishinf^ only. It is a 
comnum practacp for lieavy or awk¬ 
wardly-Hbiiied wcH-k—where the licat 
is liahle'to Iw eondueted away (jUickJy 
—to support the work on a bed of 
ljurning coke or cliarcoal, using the 
blffwpipo only for running the solder 
whilst the kuly of nieUl is heated by 
the burning coke. By this assistance 
the capioity of any blowpipe is doubIe<l, 
or more than doubled, an<l when work 
ia to l>e done Ix'yond the cajiacity of 
the blowpipes availablo, this renicily is 
a valuable one. (Thomas Fletcher, 
F.C.S.) 


I sienna ground in water, mix it in strong 
: size, put on s\ith a whitewswh or a 
now {jaint brush jis evenly as }ou can. 
When dry, give two coats of copal or 
i oak varnish. 

I (2) If tlie Hoop is a now one, liavo 
tlic l)ordor well washed. Smooth with 
glass-piper, rubbing always with the 
giuin of the wood. Varnish with good 
mk varnish, put (‘.olouring matter into 
the varnisli to suit your bwte, but 
umlwr is l)ost; if the Hour is old and 
i'laekoned, piint it, 

(d) If (j]d floors, you will not make 
mudi (jf^Hbvinliig any tiling but black, 
Tiie flour is to lie well washed (lime 
and a(xla are l» 08 l—no soap), the dye 
piinte<l on, and, wlien dry, sized over 
and varnishe<l with elastic oak varnish, 
(4) Take ^ lb. logwixxl chips, boil 
them briskly for ^ hour in about 5 qt. 
rain-water, and strain througli muslin. 
To tliis liquor add b oz. of amiatto (in 
the form of cake—not the mil); afld 
also 1 lb. of yellow wax cut up in very 
small pi(5c.(is. Place these over the 
fire, and jet tJie wax melt gently, 
stirring it all the wliile. When melted, 
take tlie mixture off the fire ; do not 
let it boil. Then with a jiaiut brush 
lay it on the floor as hot as poesible, 
brushing it always the way of the 
grain. Next day polish with a hard 
flat bruBh mwle of hair, which may 
liave a strap nailed to the back of it in 
which to insert the foot. The floor is 
afterwards kept* bright with beeswax 


Stains, and Stain ini;. 

(See also Dvkr and Dyking, 
Polishing, rfc.) 

Thehk is such a close relationship he- 
tween stains and dyes that it w’ould 
l)c desimble to treat lK>th together, 
were it jKissiblc. It is difficult to 
make a true ilividing line, as will be 
seen when it is sUUchI that leather ia 
stained while kid gloves am dyed. 
Reference should be nwlc to both. 

Bricks.—.SV'C Stone. 

Floors.—(1) Oet the woixl clean, 
have some Vandyke brown and burnt 
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ulonc, a liillc of whioli in molted and 
put on the Iwusli. Take oarc that the 
Moor is tlioroughly dry fjcfui-c com¬ 
mencing operations. 

(r») Molt some glue-Bizc in a bottle ; 
next pet a piece of rag, roll it into a 
l»Ul so that it will fit the hand nicely, 
cover this with a bit of old calico to 
make a smootli face ; dip this inU> the 
size, and rub in a bit of brown umlcr ; 
thengoahciul with your flooi-s, working 
the btuif light or tLirk as reijuired. 
Keep the motion with the grain of 
wood; when dry, stili'en with iKilisherB’ 
glaze. 

(6) Take .1 udson’s dyes of the colour 
requircil, mix accortling to the instruc- 
tioiiH given with each bottle, and apply 
with a piece of rag, jireviously trying 
it on a piece of wocsl to sec if colour 
would suit; rub with sandpiper to 
get off any rouglinoss that may bo 
raised with the damp, and varnish 
with fine ivile hard varnish, then 
slightly sandpiper and varnisli again. 
Another mctluHl is to boil 1 lb. log- 
wot)d ill an (Jd boiler, then apply with 
a ]«ece of mg where the stain is re- 
(piircd; when tlioroughly dry, wind- 
mjwr as before, and well rub with 
ueoswax to jKilisli. Tliis last process 
looks best when finished, bijt it re¬ 
quires a lot of elbow grease for a few 
months ; it is oxtromely durable. To 
prevent the shun running where you 
do not want it, piste some stiff ])aj>er. 

GHasfl.— aSVc (jlass, also Painting 
Qi-ass. 

Horn. —(1) Pluck.—After having 
fine sand-pijHjred the horns, dissolve 
50 to {>0 gr. nitnite of silver in 1 oz. 
dislilletl waU'r. It will lie colourless. 
Dip a small brush in, and {wint the 
hums where they are to 1 h> black. 
When dry, put them where tlie sun 
can shine on them, and you will find 
that they will turn jet black. When 
done, polish off. 

(2) Black.—6*6 lb. burned lime is 
slaked in a little water, so that a pow¬ 
der-like hydrate of lime is obtained ; 
this is mixed with 2*2 lb. minium, 
and this mixture is forgied into a thick 
paste with such lye as suap-boUars'use, 


having a specific weight of 1 • OHB. The 
articles of horn are ydaced in this solu¬ 
tion for 24 hours ; they are then taken 
out, rinseil off with water, dried with 
a cloth, brushed over with rape-seed 
oil, and then again rubljed dry. • 

(:i) Bhuik.—0*14 oz. silver is (fis- 
solveil in 2*1 oz. nitric acid (a<juafortis), 
and this solution is applied several 
times to tlic article to be stained, but 
it is absolutely iiw,*esHury that the first 
coat should be entirely dry before 
another is applied. The articles are 
then burnished and miwle bright. 

(4) Blue.—Stain with aniline. Or 
stain green ns (6), thensteej) forasliort 
time in a w’cnk solution of sulphate 
of indigo, with a little cream of Wtar. 

(5) (Jrcen.—0'f)2 oz. fine indigo- 
carminc is diasolvwl in 2'1 oz. rain¬ 
water. Thou 0*175 oz. picric acid is 
dissolved in 2*1 oz. boiling hot rain¬ 
water, and both solutions are mixed 
togetlier. A very beautiful, durable 
gi'ccii colour will in this manner be 
obtained, and can be used for the 
various manipulations. 

(fi) Grtien.—0*35 oz. aniline green 
is dissolved in 4 * 2 oz. spirits of % iue, 
and the horn to bo staiiied is treated 
with tliifl solution. All the different 
shtwlcs of groon may lie produced by 
a<lding blue or yellow stain, 

(7) Oreeii.—4‘2 oz. copper cut up 
finely and griulually dissolv^ in 13 oz. 
nitric acid (atjuafortis), and the articles 
to be stained are boiled in this solution 
until they have assumed a fine green 
colour. 

(8) Purple.—17*5 oz, logwood is 
boiled in 4 • 4 lb. milk of lime, and the 
name metlunl is observed as given in (9). 

(9) Red.—17*5 oz. red Brazil-wood 
is liuiled for 1 hour in 4*4 lb. milk of 
lime, and filteieil through a cloth. 
The articles of horn, ivory, or bone to 
be stained are boiled for 1 hour in a 
solution of 1'05 oz. alum in 17*6 oz. 
water. They are then placed in the 
above stain, and allow^ to remtun 
there until tlie desired colour has beeif 
producetl. Articles stained in this 
umnner will aetjuire a beautiful purjlle 
colour by dipping them in alum-water. 
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(10) Bright Red,—8*75 oz. log^vood 
and 8'70 oz, red Brazil»w<Kjd are Ikiiled 
in 4 • 4 11). milk of lime. It is applied 
in the same manner as (9). 

(11) TortoiseRhcIl.—Makeapaste of 
*i^lb. white litharge, 2 lb. powdered 
(juicklime, and 1 lb. of soda ash or 
potash, M’ith water. The parts of the 
liom wliich arc to become dark are 
covered with this paste, and allowed 
to remain in cont^t for about 24 
hours, until the latter lias become en¬ 
tirely dry. The horn is thou cleansed 
with a binish. If the marks are not 
plain enough repeat two or three times. 
When this is done colours mixed with 
whiting and water can be ajiplieJ to 
complete the mottliugs. 

• (12) Yell(nv.-~17’5 oz. alum, free 

from iron, is lUssolvcd in 4’4 lb. rain¬ 
water. The articles arc allowed to lie 
■ in this for 1 or 2 liours. In the mean¬ 
while 7 oz. yellow l>erries are ladled 
with 4*2 oz. c»u'bon!ite of potash in 
2‘2 lb. water for 1 hour, and then 
strained. The articles treated with 
alum are placed in tliis decoction, and 
allowed to lie in it for 1 hour. They 
^re then taken out and dried. 

Horsehair.~ The liorsehair is first 
washed in soap and water and rinsed. , 

Brotm is obtained by letting the hair 
lie for 12 hours in a decoction of log¬ 
wood and limewater at 120° F. 

Blue-, violet shaile, is treated os de¬ 
scribed in brown, then passed through 
water to which a little chloride of tin 
solution has been added. 

Blue .—The hair is mordanted in a 
solution of 2 parts alum and 1 tartar, 
rinsed and dy^ in a solution of sul¬ 
phate of indigo, then waahe<l and dried. 

Red .—^The hair is first laid down for 
1| hours in a solution of chloride of tin, 
and then prepared as blue, violet shade; 
after rinsing, it is dyed with Brazil¬ 
wood and.^um, allowed to lie in the 
’ bath for 24 'hours, washed, and dried. 

Ivoiy. —^The pieces are always first 
^ixilished with wblting and water, and 
when* washed quite clmn from the 
whiting are then prepared for the stain 
by a short immlrsiou of from 3 to 5 
minutes in acidulated cold water, in 


Horn, Horsohair, Ivory. 


projwrtion of 1 part of muriatic acid, 
tlie ordinary acid of commerce, to 40 or 
.50 of water, or in an eijually weak solu¬ 
tion of nitric acid. This cleansing fluid 
e.xtracts the gelatine from tlie surface 
of tlie ivory, and is essential to the 
attainment of a perfectly uniform 
colour. Extreme cleanliness and the 
alisence of any grease or accidental 
soiling arc os necessary, with whicli 
view tlie work in })n)ceas of staining is 
at no time toucln^ by the fingers, but 
is removed from one vesnel to another 
by flat pieces of wood, attached to each 
other at one end by a flat metal spring 
after the form of a pair of sugar-tongs, 
sc{:)arate pairs being kept for diflerent 
colours. Subfie(|uently to its treat¬ 
ment with the acid, the ivory is in¬ 
variably again placed in cold water that 
has been Iwiled, l)eforc it is transferred 
to the stain. 

The use of tongs is also essential 
when such chemical as silver nitrate, 
nitric acid, cte., arc used, as they may 
cause sores to the hands. Care should 
also be used !iot to breathe the fumes. 

(1) Place in vinegar for ^ iiour, then 
in Judsou’sdyes till thcnxjuired shade 
is produced. 

, Bhiclc. —(2) Lay for several hours in 

a strong solution of sih'er nitrate, 
remove and expose in a strong light. 

(3) Place a handful of logwood and 

1 oz. acetate of iron in about IJ pints ‘ 
water in a saucepan, and let simmer 
till reduced to | pint; put the ivory 
into the still boiling liquid, and let 
remain for 10 minutes; remove and lay 
before a fire or in an oven till well 
dried ; afterwards polish with chamois 
leather. 

(4) Make a decoction of 2 oz. log¬ 
wood dust in 1 qt._ water, and strain; 
dissolve 1 oz. iron sulpliate in 1 qt, 
water; then heat the two stains in 
separate vessels to 100° F. (38° C.), 
and immerse the ivory in the logwood 
for Ifi minutes; well wash, and put it 
into the iron sulphate for 6 minutes. 

Blue. —(6) Immerse for some time, 
in a dilute solution of indigo sulphate . 
containing potesh. Water 1 g^., sul¬ 
phate of indigo 1 ea ., potash os. 
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(6) Elderlierries and alum. 

(7) 8ulpliat.e of ajpj>er J Ih., water 
1 qt. Boil together, th»n steep the 
articles while the li(]u<)r is scalding hot. 

liroion. —(8) All^net root. 

Great. —(9) Boil in a solution of 
verd^is in vinegar till the desired 
shade is pn)duced. 

Red. —(10) Miikeaninfusion of cochi¬ 
neal in liquor ammoniic, and immerse 
pieces therein, haWng previously soaked 
them for a few minutes in water slightly 
souretl with nitric acid. 

(11) Dip in the tin mordant used in 
dyeing, and then plunge into hot decoc¬ 
tion of logw'ood, ^ lb. per gal. water. 

(12) Dip in a solution of nitro- 
muriatc of tin, and then in lac, to 
produce scarlet; by then plunging into 
a solution of potash it will b^ome 
cherry red. 

(13) Boil cuttings of scarlet cloth in 
water, and add pearlash by degrees till 
the colour is extracted; add a little 
rock-alum to clear the colour, then 
strain. Stoop the ivory in nitric Jicid 
diluted with twico the bulk of water; 
take out and plunge into the dye till 
sufliciently deep. The acid luth must 
not 1)0 tix) strong, and the ivory should 
be taken out us soon as the surface 
becomes rough ; tho dye bath must be' 
warm, but not hot. A v^kriegatod 
appeomnec may l)e produced by cover¬ 
ing portions with white wax, these re¬ 
taining their natural whiteness. 

Yelhw. —(14) Safiron or turmeric. 
Immerse tlie article in a solution of ) 
lb. alum per pint, then boil in decoction 
of water | gal., turmeric i lb., ^rlash 
^ lb., for I hour. Finnlly boil again 
in the alum bath to fix the colour. 

(Ifi) O’lTfi oz. picric acid is dis¬ 
solved in 1*05 oz. hot water. On the 
other hand, 0*07 oz. concentrated sul¬ 
phuric acid is diluted with O'Sfi oz. 
hot water, and the freshly-smoothed 
articles are laid in the fiuid, and fre¬ 
quently turned. They are then taken 
out, dried off, and pla^ in a solution 
of picric acid while this is still hot, 
where they remain until they are uni¬ 
formly yellow. A lustre given them 
by polishing with soap and water and 


fine wl)iting. (This is a very good 
meiliofl for colouring billiani Imllsyeh 
low.) 

(Ifi) 0*3.5 oz. aniline yellow is dis¬ 
solved in 10 • .5 oz. spirits of wine. The 
ivory is brushwl over with this solutioji 
or is pkwicd in it. If some anilinel-ed 
is added to this Ktidu, ail shades of 
colour, from orange to bright reddish 
yellow, can ha obtained. 

Vidfet. —(17) DisHoIve together 2 oz. 
water, 4 oz. nitric acid, ^ oz. tin in 
povder, J oz. sjil-aminoniac. (This 
mixture nhould not touch the hands, 
nor the fumes be breathed.) Dip the 
articles in this, IhtMi steep them in a 
Bolutifm of logwood, J lb. boiled in 
1 qt. of water. 

Vdietahlr /mr//.—L. Muller finds 
that objects of tliis material may be 
shiined by boiling them for a long 
time in a perfectly clear solution of 
the dcsimi colouring matter. Aniline 
red, ])icric acid, or potassium dichro* 
mate, uxlinc green, sumach, aniline 
dyes, etc., may be usotl conveniently. 
Tho ivory must 1)0 tlioroughly clean. 
It may l)c bleacliod by immersion for 
several hours in a solution of perman¬ 
ganate, and then in sulphurous acid. 

Leather.— The following steins 
for leather are selected from the best 
authors on the subject:— 

Jildch. —(1) I gal. vinegar, ^ lb,, 
dry lamp-black, 3 lb. sifted iron rust,; 
mix ; let stand for a week; lay 3 coate 
on hot, and rub with linseed-oil. 

(2) ^ lb. good galls, well broken, 

} lb. logv’ood, 3 oz. iron sulphate; 
makes about 2 gal. 

(3) Wot krith iron liquor and rub 

with a piece of iron ; then oil, or give a 
dressing of coTn|X)8ition made by melt¬ 
ing 2 oz. black resin and adding 3 oz. 
lieeswax. When thoroughly melted, 
take from the fire, and add ^ oz. fine 
lamp-black which has had } dr. • 
Prussian blue mixed v^th it; thin 
with turps just before it gets too cold. 
Apply a coat of tliis with a hig, uid 
polish with a soft brush. • 

(4) Ball Black.—For harness leather 
straps, this is made of ^ oz. isin^laes, 
^ oz. indigo, 4 oz. logwood, 2 oz; eoft 
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Hoap, 4 07.. glue, floftenecl, and 1 pint of 
vinegar ; the whole is mixed, warmed, 
stiwued, and allowed to cool, when it 
is ready for use. 

(5) Hatters’ Black.—This black is 
yneijualied for finishing. It is matlo 
hy'disHoIving 1 Il>. extract of logwocKl, 
J 07.. bichromate of potiwh, and 1 oz. 
copperas in 1 gal. water. 

(6) Patent Leather Bliick.—Mix to¬ 
gether ^ 11). eiu;h of ivory black, puri¬ 
fied lampblack and pulveriseil indigo, 
3 oz. liisMolvei} guin-ar<d»ic, 4 oz. brown 
sugar, and \ oz. glue, dissolved in 1 
pint water ; heat the whole to boil over 
a slow fire, then remove and stir until 
cool, and roll into balls. 

(7) Viuegjtr Black.—This is the most 
simple and useful colouring li(|uid for 
the trimming shop for bhwkingl&ithor 
straps. To make the simj»lest, and 
without doubt the best, procure shav¬ 
ings from an iron turner, and cover 
them witli pure c}«lervinegiir ; heat up 
ami set iwido for a week or two, then 
lieut again and set in a cool [liaee for 2 
weeks; pour off' the vinegar, allow it 
to stand for a few days, tiraiii off’ and 
cork up in buttles. Tliis will kevp u 
long time, and while pr<xlucmg a deep 
black on leather, it will not stain ibu 
hands. 

(8) Vanadian Black.—This procsess 
is due to Sorensen, of Sweden, an<l he 
thinks that it will make black dyeing 
on leather easici*, cleaner, and more 
durable than that obtained by present 
meth<Mis. The leathers to be treated 
by this process ought to be binned 
with nut-galls, and consequently con¬ 
tain gallic acid or its derivatives, which 
give a black colour on traitment with 
salts of vanadium. The author admits 
as well known the com{K)un<ls of gallic 
acid with which vana<lium onglit to 
produce a black dye, as well as the salts 
of vanadium which are commonly used 
for this purpose. It is of no im|x>rt- 
ance what particular time is chosen 
after the tanning for dyeing the leather 
black., The dyeing is effected by simply 
applying over the surface a solution of 
a suitable salt of vanadium, so that 
the chemical retetion may take place 


within tlic texture of the leather. 
Thus he recommeiule! as very efficacious 
a solution uf the neutral vanadiate of 
ammonia, 1 lb. in 10 gal. water. The 
operation should be conducted at a 
miKlerate hciit, which is favourable to 
obtaining a fine black. This process 
is recommended in place of cumers' 
blacking for loithens of an open tex¬ 
ture, as for slioes, harness, etc. It is 
easy to produce i-escrves f>y applying 
the solution of vanmlium only to some 
pvrticular parts of the leather, leaving 
tile rest untouched. In smidlery a 
very elegant effect is pro<luced spon¬ 
taneously owing to the cireurastance 
that the waxed threat! of the seams 
does not take the colour, but retains 
its own colour, and ajipears as a light 
design upon a black grouiul. The 
operator in this kiiul of leatlier dyeing 
does not soil Ins hands. There is pro¬ 
duced a true, penetrating, and durable 
dye in jiliwie ot a mere HU{)erf}ci»il coat¬ 
ing, whicli often lecjuires renewal and 
Kvoines lighter wiih time. (‘Teiiit. 
IVit.’) 

(1!) l*2oz. bruisedgallnutsand 17*5 
oz. green nutshells ani boiIe<l in 
oz. v.iiii-water. Wiieii the mixture has 
boiled 1 Lour, the liquor is strained 
tlirougli a clotli. The leather to be 
coloured is first stained witli the solu¬ 
tion of iron fiiing.s, common siilt, and 
\incgar, as given umler purple, Iwfore 
the above decoction is applied. 

lb. eldcrbciriesarelxiiled 
witli 1'05 oz. alum, free from iron, in 
2*2 lb. wine vinegar, and this solution 
is also filtereil. if leather is to be 
coloiinxl blue, the decixjtion of elder- 
Ixjrries is applied uniformly with a 
sfxjijge. When the coating is dry, it is 
brushoil over lightly with solution of 
blue vitriol in vinegar. 

linmns, iiumU, Rcds^ Ydloxts .— 
The use of russet and brown leather for 
reins necessitates the employment of 
stains of various shades in the work¬ 
shop, in order that the reins or other 
straps may be of a uniform colour after 
being worketl. In most cases rein 
leather is stain^ by the currier, but 
when worked file freshly-cut edges 
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need to be stained to correspond with 
the grain. The stains used ore gene¬ 
rally made of Spanislk saffron and 
annatto, or of siitlron alone, mtule up 
in various ways, the moat common 
and reliable Ix^ing the folkfwing :— 

(1) Boil a given amount of saffron in 
water until the colour is extnicteil; 
cut a quantity of annatto in urine and 
inis the two together, the proportions 
of citch dctcrniining the shjide. The 
more annatto used, the darker is the 
colour 

(2) Another manner of preparing this 
stain is to lioil ^ oz, Spiinish sjvffron and 
J oz, annatto in water until tlie dye is 
e.xtnwted, to whiehmust be added some 
alcohol to set the colour. 

(3) To make a shun of s^tllrun alone, 
boil a quantify in water until the dye 
is extnu*-tod ; strain off, and when cold 
add uIcoIkiI in onler to set tlie colour. 
The shinie may Iw clumged by adding 
oxalic acid in varying tjuantilius, m*.- 
cortling to the colour rei|uirwl. The 
pnjportiou cannot lx? given with any 
degree of accuracy, as the colour is a 
matter of histe. and can regulated 
by using greater or less projK»rtiona of 
each ai'ticle. 

(4) Another saffron stain is rniule by 
boiling saffron in a small quantity of 
water until the colour is cstnfcte<l, and 
reducing with urine. 

In using any of these sbiins apply 
them with u cloth, and when nearly dry 
rub with a woollen rag slightly waxed. 

(5) A yellow stiun is produced by 
boiling fustic Iwrries in alum water; 
the shuMle may be darkened by the 
a<lditi(>nof aHinallquantityof powdered 
Brazil-wo(xl Iwiled with the lorries. 

(6) An()ther yellowisli-red stain is 
made of Brazil-wood and yellow berries 
in proportion to suit, Ijoiliug them in 
water until the colouring matter is 
extracted. This can bo applied to sides 
that have not l.>een stained, when in¬ 
tended for flat reins, halters, etc., in the 
following manner:— 

Lay the leather upon a table, and rub 
tha flesh side with a warm stretching 
iron; turn it over and moisten the 
§rain side with watei^ and rub with a 


copper stretching-iron until the leather 
is neai'ly dry; then apply the colouring 
matter to the grain, and rub with a 
copper .slicker. When the leather is 
perfectly dry, rub the grain with a 
gliws slicker. An edge stain is made 
by iuhling a small (juantity of aluili to 
the alxivc-mcntionci.! ingredients. 

(7) A brown stain is maile by boiling 
eijual jKirts of pine and alder liarks in 
six times their bulkof wateruntilall the 
colouring matter isextraete<I,ai»i when 
cold abiding a small quantity of alcohol. 
Saffn)!! Ixiiksl for 12 or 15 hours gives a 
got)d brown sUiin, to which alcohol must 
be fulded to make it set. 

(8) Picric jieki and water, in propor¬ 
tions of 1 to 10, heate*! to a blood heat 
lUiiku a good yellow stain. Weld 
Ixaled in watcralsu makesa yellow stain. 
Anorang<j-y(;llow is pro<iucod by boiling 
fuf'lu’ l)erTi(?s inaluin water. Thisstain 
may converted into a rich brown by 
washing the leather to which it haa 
l>ecn a))pIkHi, l<cfoi'e the stain is faii’iy 
ilry, with an alkali. 

(0) A nwl stain is produced by }x)il- 
ing Bnwil-woud in lye. If miseil with 
weld it produces a bn)wnwh-ycllow, 
well mlaptud for use on litUters and 
bridles. 

(10) An cilgc stain for russet leather 
is made by cutting 11 oz. annatto in 
2 qt. urine, allowing it to stand for 
24 hours, then abiding 3 (jt. water, and 
boiling until reduced to one-half the 
original (jUiviitity. 

All stiiiiLs apjjeurr to better advantage, 
and are ivndcred more durable, by being 
covcrcil with a shellac varnish, which 
should Iwapplictl after the reins are all 
dry, and then flnishetl up. The shellac 
should l)e applied with a sponge. 

(11) A bright orange stain is made 
by mixing yeUow aniline with alum 
water. 

(12) 1 oz. oxalic acid, 1 oz. spirita 
of salts, 1 scr. bruised cochineal, and 
1 pint boiling water, make a good 
brown stain. 

(Ifl) Another red stain is made hj 
dissolving 1 oz. c(x:hineal in ^ pint hot 
water, and adding 1 gill spirits of hoi'ts- 
horn. 
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(14) A bright crimson stain is alum 
or tin salts and a decoction of 
cochineal. 

(15) For sole leather, 185 dr. Paris 
yeUow, 37 dr. chrome yellow, 312 dr. 
pipeclay, 250 dr. alum, 2.50 dr. tjuer* 
ditfou, 185 dr. sulphuric Jicid, 1-^ pints 
tragacanth solution, Iwiled together 
with 7 pints water, and the mixture, 
when cold, suitjkhly applied. 

(16) Brown.—17*5 oz. dried and 
powdered nut-sholls are boiled for 1 
hour in 52*6 oz. milk of lime, and 
strained through a cloth. This decoc¬ 
tion isapplied fretjuently to the leather. 

*4 • 2 oz. ground logwood, 4'2oz. annatto 
are boiled in 17’5 oz. rain-water, and 
a solution of O'52 oz. carbonate of 
potash in 2 * 62 oz. vinegar is added to 
the above decoction. 

(17) A brown staiu is also obtained 
by rubbing together upon a marble slab 
4*2 oz. umb^, 0*52 oz. finest lamp¬ 
black, in oil, with 17*5 oz. ox-gall. 

(18) Yellow.—D' 52oz. saffron, cut in 
stnall pieces, is digested in 2*1 uz. 
alcohol 80 per cent, strong for several 
days at a moderate heat. The solution 
is filtered, and applied directly to the 
leather. 

(19) Yellow. —17*5 oz. ground yellow 
wood or 17 • 5 oz. birch leaves are boiled 
for 1 hour in 2*2 lb. vinegar, and 
the fluid is strained. The articles to 
be stained are first covered with a solu¬ 
tion of 1*05 oz. carbj)nate of potash, 
with a sponge to the loiithor, which has 
first been stretched, and when this has 
become dry, apply the colouring liijuor 

> also with a sponge. 

(20) Bright Yellow.—1*05 oz. finely- 
powdered turmeric and 0 • 52 oz. gam¬ 
boge are digested at agentle heat for a 
few days in 26 ■ 25 oz. alcohol 80 per 
cent, strong, and the fluid is then fU- 

^terod.i Theprocea8istho8am0a8(19), 
either with or without alum or car¬ 
bonate of potash. 

(21) 17*6 oz. barberries are boiled 
m 2*2 lb. water, and the decoction is 
filtarod., In this case also a solution 
of ahim or carbonate of potash in water 
is used Ijefore applying the decoction to 
ibe article. ' ' 


(22) Yellow.—17*5oz. woldisboiled 
in 8 * 3 lb. water for 1 hour, and used 
in the same planner as (21). 

(23) Green.—1*57 oz. verdigris and 
0*52 oz. sal-ammoniac are dissolved in 
8 * 76 oz. wine vinegar. If a small quan¬ 
tity of safiron extract is added to this, 
a yellowish-green colour, the so-called 
parrot-green, is obbiiued. 

(2 i) Green. —If Icjither is first coated 
with a solution of Berlin blue, and then 
with ayelluw stain, a l)eautiful durable 
green will l)c obUiiKxh 

(25) Violet.—17'5 oz. Brazil-wood 
is boiled for 1 hour in water, and the 
decoction is tlien filtered. Another 
solution of 4'2 oz. copperas in 8*75 
oz. water is prepared, and this is mixed 
with the ilecoctiou of BrazO-wo(xl. 
Violet stains are also obtained by 
mixing retl and blue stains together. 

(26) Ued.—8*75 oz. shavings of red 
Brazil-wood are plaoed in a Ixittlc, 
2*2 lb. wine vinegar ia jxiured over 
them, and they are <ligcstcd for 8 days, 
and stirrctl fnxjucntly in the mean¬ 
while. The solution is then filtered' 
through a cloth. Moan time a solution 
of 1*05 oz. alum free from iron, in 
8'76 oz. water, is ])reparcd, and the 
above prefamtion of Brazil-wood is 
added t<) this under constant Ktirrlng. 
A very beautiful red ia olibunetl in this 
manner. The shavings of Bnizil-wood 
may also be Ixuled in rain-water, and 
this be compounded with a solution of 
bitartrate of jx>taHli. 

(27) Cochiueal.—1 '050%. ofthefinest 
cochineal is fxjwderod and «ligested in 
17*5 oz. alcohol 80 per cent, strong, 
until it is dissolved ; tbc solution is 
then filtered. More or less cochineal, 
is taken according as the colour is re¬ 
quired to 1)0 darker or lighter. 

(28) .Searlct.—1 '05 oz. scarlet Iwrries 
ore bruised, and dis8olve<! hi 4’2 oz. 
alcohol, 80 per cent, strong, and the 
solution is filtorod. 

(29) Purple.—8'75 oz. Brazil-wood 
shavings, or 2 * 1 oz. scarlet lierries, are 
b<)ile<l in 2'2 lb. water in an oarthen 
j)ot or in a briglii copper l)oiJer. The 
decoction is filLerwl and compounded 
with a Bufficiout quantity of fluid 
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chloride of zinc to obtain either a 
light or a dark colour. 

(30) Crimson.—A solution of O'H 
oz. cochineal, 0*14 oz. cream of tartar, 
O’42 oz. solution of zinc, » prepared. 
The mixture is thoroughly shaken, and 
the contents of the Ijottlo are cxfK)»eil 
to hent for 24 hours. Spirit of sal- 
ammoniac is then added in drops until 
the desired colour is obtained. 

(31) A rich peniuinent brown can Iw 
imptirted to rcin-leatlier by treating the 
hides, after they are tanned, to a bath 
in a liquor nnule from etjual parts of 
pine and alder bark. The hides arc 
spread in a vat, with lifjuor enough 
to cover them, where they arc allowed 
to remain one week ; they are then 
removed, and fresh li<}Uor is applied. 
By rc|)cating this ti-witment 3 or 4 
times a very rich bn>wn cun be pro¬ 
duced. Orange-brown is produced by 
scraping the iloslj^ side after the hides 
hayc brou removed fnjin the vats for 
the last time, and sprinkling them on 
the scraped si<le with pulverised alum. 
As soon as each one is sprinkled with 
the alum, it is Liid in another vat, one 
upon the other, and allowed to remain 
24 hours; they {iro then moistened with 
tho^umlhiuorin the bottom of the vat, 
and laid upon the beam and well worked, 
after which they are rubl>ed \yith salt 
and alum, and rolled up and allowed 
to remain undisturbed for 24 hours. 
This salting is repeated 3 times, after 
which the hides are stretched length¬ 
wise and dried ; they are then boarded 
and worked soft, and treated to a coat 


the following mixture may be sub¬ 
stituted with advantage, viz. : J lb. 
Marseilles soap dissolved in boiling 
water, 5 or 6 egg-yolks added, and the 
whole made up to 4 gal. with water 
and J Ib. jwtash bichromate. The 
colour used is infusion of logwood or^t J 
I extract, or -g logwixsl, which is best ex- 
! tracted by stale urine or old soak liquor, 

! with juldition ()f a small quantity of 
Hoda (1 lb. to If) lb. dycwcxxl). It is 
hx(xl and darkenetl by a wfish of iron- 
i liquor (I of iron protosulphate in 75 
j cold water). After lieiiig again dried, 
the skins are grounded with the moon- 
knife, and rubl>ed over on the grain 
with a composition containing oil, wax,, 

I etc., and iwe finally ii-oned with a flat. 
' iron to give them a fine and smooth 
surface. Eitncr gives a recipe for the 
i gloss : ] lb. gum-arabic, J lb. yellow 
, wax, J lb. Ijccf tallow, f lb. Marseilles 
soap, 2 lb. strong logwood infusion, and 
I gal. water. The water is brought to 
I a l)oiI in an cartUeii ])6t, and then the 
aoajj, wax, gum, and tallow are added 
successively, each beiug stirred till dis¬ 
solved Iteforo adding the next, and 
liistly the logwood. After boiling for 
an hour, it is allowed to completely 
cool, Iwing inccHSivntly stirred during 
the whole pi't)ce8B. (‘ Spona’ Encyclo- 
; pEcdia.') 

I AnUinc Dyes .—These dyes are now 
I very hirgcly used for leather, atfoniing, 
as they do, a wide range of tints aud 
brilliiuit colours. Some skill and prac- 
, tice is required, however, as some of 
' these dye.s work best in an jdkaline 


of hog’s lord and train-oil on the flesh 
side; in about 2 days they arc t^ain 
boarded, and worked off with a glass 
slicker. This leather has a fine grain, 
and retains its softness for a long time. 

Calf-hid .—Dyeing black is accom¬ 
plish^ either by brushing on a table, 
or by “ridging” or folding, grain-side 
outwards, aud drawingquicldy through 
baths of the mordant and colour. To 
prepare them for the colour, stale urine 
isgenerally employed. A deeper colour, 
and one less likely to Htrike through 
the skin, is obtained by mlding ^ lb. 
potash bichromate to ^ gal. uriue; or 


form, while others are bestacid. The ^ 
currier has to make himself acquainted 
with this, though great help can be 
had by consulting the manufacturing 
chemist who makes the dyes. A 
further difiiculty lies in the that 
differcut leathers show diflerent results 
with the same dye, while, yet again, ^ 
a difference in thp tanning process 
will affect the wbrk. It will be 
noticed that the aniline colours are 
practically always spoken of as dyes, 
whereas the use of stains (made 
dye-woods) is termed staining. It is 
difficult to make'adividing hue between 
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the two, for while some consider that 
applying tlie colouring fluid with a 
brush coustitutes stainiug, and dipping 
constitutes dyeing, yet here there fe 
no regular practice, for |)a{)er is both 
brushed over or dipjjed according to 
whether one or Iwth sides of the sheet 
are to l>e coloured. 

It may laid down as a rule that, 
certaiuly with leather, aniline colours 
are l>est applied by dipiping. The ap¬ 
plication of these colours by the brush 
dues not always result in a uniform 
tint lieing obtained. Aniline colours 
affect leather so rapidly that inime<li- 
ately tlie brusli touches the work f.hc 
colour is fixed, and to go over that 
part again means a darker tint at that 
point. If a brush must lx; used let it 
be of large si?,o and heavily (charged 
with the fluil colour so as to flocni the 
surface {luiukJy. 

In dealiug with skin that has ))ccn 
tanneilas morocco leather, the tanning 
is usually the sumach process whi<.'h 
makes the leather very suitable for 
aniline colouring. Ag<;ud phin lx‘fo]’e 
laying the skin over the table is, first 
to clean the table, then brush it over 
with a fluid made by boilitig crushed 
linseed in water, using the strained 
liquor. This is slightly adhesive and 
will cause the skin to cling to the table. | 
It also prevents thesUining fluid from 
decolouring the table, and it can always 
be easily cleaned oft* Ijy washing with j 
hot water. 

When the skin is laid on the table, 
flesh side down, sponge it over evenly 
with clean tepid water. Then cither 
roll or press it with a tool to distribute 
the moisture and remove superfluous 
water. The mordant is then applied, 
the purpose of this being to allow the 
colouring liquor to flow and fix evenly. 
In many cases the mordant acte chemi¬ 
cally, while in other cases morocco 
leather does not need amordant atall. , 
Several skins can have the mordant 
applied and be laid aside fur a time for 
the application to penetrate. I'he first 
•skin is tbeu taken and with a large hair 
brush the dye li<|Uor is applied. Give 
all the skins ohie coat, then go over 


, them again with second and successive 
coats. Three to four coats are usual. 

Following this there may come the 
application of a modifymg li<]Uor, often 
called a topping-agent or striker. This 
is to give a sjwcial tone to the previous 
ct)lour, or it may be a mordanting 
liquor. The last process is to wjish off 
all su{x;rflunu6 colouring matter, with 
abundance of w'ater and a lirush, or 
preferably with running water. The 
skin is then hung in the drying loft, 
where there is plenty of ah-, but on no 
account must the sun shine on it while 
drying. This completes the colouring 
of the lejither, and the finishing finxjess 
follows. This will found under the 
heading of Leather. 

The mordant most commonly used 
for aniline colours is (for an acid) 
tannic ai;id—about i Ib. to 1 gJil. of 
water—wltile, for an alkaline, sulphate 
or piiosphate of soda^ 1 j«rt to 100 of 
water. 

Itslmuld lie noted that as in treating 
leather it is Iwat to give* three or four 
coats of colour liquor, tlie first coats 
(or lutlis) siiould lx; as weak as p)8Bible, 
as successive apjdications of colour in 
full strengtli give too dark a tint, and 
what is worse, they sometimeH give a 
metallic hue tliat is objectionable. 

It is not always thepnu5tK«to brush 
the colour over morocco skins as just 
explained, for, as at first mentioned, 
the most even colouring is obtained by 
dipping. Morocco skins, however, arc 
Bupjxiscd to lie coloure«l on one side 
only, therefore, for dipping, the in¬ 
genious plan of sewing two skins 
together by their olges, flesh side to 
flesh side, is adopted. This does not 
perfectly prevent some colour getting 
to the flesh sklc, but it does so suffici¬ 
ently and few skips are seen with¬ 
out some ctilour on the wrung side. 
Those who ore not practisetl at the 
work can do much to insure good 
results by passing an odd piece of skin, 
a cutting, through the process first. 

In dealing with mlf or kip leathers 
for hoot upjiers, for brown sliades, a 
monlanting li<|Uor is made by dis¬ 
solving cTystttltf of bichromate of potash 
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in cold water. Some crystals are put 
in a pint of cold water and given an 
occasional shake, for one .hour. The 
water is then poured oH', and warm 
water JKided to it until it is a light 
straw tint. The skin is first moistened 
with this, and then, l)efore it is quite 
dry, the dye liquor is applied. Should 
it dry too warm a tint, this can be 
reduced by a single appliuition of the 
nionlanting fluid. This latter is a 
topping agent or striker ns already 
referred to. It needs to be used care¬ 
fully and spiringly as tending to make 
the leather liarsh and luuxi if used in 
excess. 

Paper.—In dealing with small 
quantities the following plan may 
be jvlopted. Have a perfectly even 
and level tithle and spread the iiaper 
on this. Brusli tlie stjiiu on with 
a broad smooth brush, Tliis is 
for colouring on©*8ide only. If both 
sides are to he coloured the jjapor 
must Ixi Huliinorgc<l in the dye. Havo 
the dye li([U(>r in a sholkw broad pan 
and tlraw the sheets through it horizon¬ 
tally. When the sheets are dry tliey 
can bo smoothed by an iron or roll. 

The following reoijHJs for coloured 
papers arc maijdy (icrived from Dunbar, 
and give the (juantity of pulp, and 
the material of w-hich it is cofliposed, 
in most cases. 

Amlxr. - (1) For 400 lb. dry jiajMjr. 
400 lb. Oran esparto, ^ Ih. clirome 
yellow, mixed in the engine one hour; 
1 pint iron liquor, 20 lb. alum, C iJails 

sue. 

(2) Fine Amber Writings.—For 300 
lb. diy paper. Medium Spanish es¬ 
parto, i.; F. F. rags, \ ; thirds, J; 
6J oz. nitrate of lead, 3 oz. bichromate 
of potash, 11 oz. Venetian red strained 
through a silk bag, 30 lb. alum, 8 pails 
size. 

Blue. —(1) Aniline Blue.—For 250 
lb. dry paper. No. 4 stuff, full 
bleachwi; 6 pails size, 15 lb. alum, 
S oz. aniline blue, ^ oz. diamond 
fuchsine. * 

(2) Aniline Blue, deep shade.—For 
260 lb. diy pajw. No. 4 stuff, full 
bleached; 5 pails sizd* 20 tb. >dum, 
4 . 


4 oz. aniline blue, ^ oz, diamond 
fuchsine. 

(3) Deep Aniline Blue.—For 260 lb. 
dry paper. No. 3 stuff, full bleached; 
6 pails size, 20 ib. alum, 4^ oz. aniline 
blue, ^ oz. diamond fuchsine. 

(4) Aniline Blue, deep colour.-~R)r 
260 lb. dry jwjjer. No. 4 stuff, full 
blttvched; 4 pails size, 16 lb. alum, 
2 oz. auiline blue, ^ oz. diamond 
fuchsine, 6 oz. Berlin blue. 

(6) Deep Aniline Blue.—For 260 lb. 
dry paper. No. 4 stuff, full bleached; 
f) pails size, 20 lb. alum, 9 lb. Paris 
blue, 3^ oz. aniline blue, 3 oz. diamond 
fuchsine. Presents a fine clear colour, 
very deep and uniform. 

(0) Berlin Blue,—For 250 lb. dry 
pjiper. No. 4 stuff, lialf bleached; 6 
pails size, 20 lb. alum, J oz. fuchsine, 

5 )b. Pai'is blue. 

(7) Blue Tissue.—For 200 lb. dry 
paper. Kojw stuft', goexi sailcloth, 
\ ; 2 Ih. ultramarine, B.B.A.C., 6 
gills Brazil-wood dye. 

(8) Fine Deep Blue.—For 400 lb, 
dry paper. 400 lb. Oran esparto; 
1 ib. crystal soda, 10 lb. prussiate of 
potdsh, 3 lb. green copperas dissolved 
in 4 pails hot water, 4 qt. iron liquor, 
1 oz. magenta dissolved in one of 
hot water, 25 lb. alum. 

(9) Deep Paris Blue.—For 260 lb. 
dry paper. No. 4 stuff, half bleached ; 
4 p^B size, 20 lb, alum, 2 lb. logwood 
extract, 6 lb. Berlin or Paris blue, 2 
pints cuchineal. 

Brown. —(1) Soluble Brown.—For 
260 lb. dry jM^per. No. 4 stuff, half 
bleached ; 6 pails size, 20 lb. alum, 
15 lb. soluble brown. This colourii'-g 
matter must lie carefully strained into 
the engine. It is the best substitute 
for catwhu-dyed papers, and has all 
the characteristics of catechu, with 
the advantage of being much cheaper. 

(2) Catechu Brown.—For 260 lb. 
dry paper. No. 4 stuff, unbleached; 
4 p^s size, 20 lb.. alum, 12 pails 
catechu, 6 lb. bichromate, 3 lb. crystal 
soda. 

(3) Catechu Brown.—For 260 lb. 
dry paper. No. 4 stuff, full bleached; 
4^ lb. green oopp^as, 4 pails size, 
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3 pails catechu, 20 lb. alum, 3^ lb. 
bichromate. 

(4) Catechu Brown, deep colour.— 
For 150 lb. dry paper. No. 4 stuff*, 
unbleached; 3 piils si/e, 10 lb. alum, 
«3 pails catechu, 2 lb. grecu copjieras, 

3 lb. bichromate. 

(6) Catechu Brown.—For 2.')0 11). 
dry paper. No. 4 stuff*, lialf bleached ; 

4 pails si/e, 4 |)ails catechu, 20 lb. 
alum, IJ lb. bicliromate. 

(6) Catechu Brown Wrapping.—For 
260 lb. dry paper. Hemp bagging, ^; 
No. 4 stuff’, J ; 7 pails catechu, 5 pails 
size, 16 lb. alum, 3 lb. bichromate. 

Buff. —(1) For 250 lb. dry paper. 
No. 4 stuff*; 60 lb. yellow wood, 4 
pails size, 20 lb. alum, 13 lb. yellow 
oc]ire, 10 oz. Venetian red, 1 gill 
Brazil-wood dye. 

(2) Light Buff*.—For 400 lb. dry 
paper. 400 lb. Oran esparto, 4 lb. 
green coppems, 4 oz. sugar of lead, 
3 lb. bichromate of potash, 15 lb. alum, 

5 pails size. 

Ckoool/iU, —For 400 lb. drj’ paper. 
600 lb. Oran esparto, 37 lb. Venetian 
red, 3 lb. catechu, 6 Ib, bluostoue, 
5 lb. green copperas, 4 lb. ultrarmwine 
—all 1 hour apart; 20 lb. alum, 7 
pails size. 

Crwofoot Colfywr tn Paper Pulp.— 
The colour of the crowfoot is one of 
the most agreeable in fvif^er manu¬ 
facture, but it is also very difficult to 
obbviu in all the richness and brilliancy 
of the flower’s hue. As in the (tase of 
mmy other colours for paper, the 
ojKsration retjuires to Ije divided into 
two parts. With every 220 lb. of dry 
pulp the following process is obHerve<l: 
On the one hand, 26J lb. acetate of 
lead are boiled separately in about 
8 gal. water, and Sj lb. bichromate of 
potash in 4^^ gal. water on the other. 
When the salts are completely dis¬ 
solved, the same quantity of cold 
water is added to each solution os was 
used before; it is stirred, and the 
solution of acetate of l&wl in poured 
into that of the bichromate, the whole 
Ijeing stirred os the mixing takes place. 
The mixture is used in two separate 
basins or troughs, and produces the 


first colouring of the pulp. Supposing, 
as is to be cxj)ect<xi, a uniform tint 
has been obtainetl, about 3i pints of a 
yellow-orange colour are added, which 
is jircfKired in the following manner: 
6^ g>d. ciiustic soda lye, marking 20" 

• B., are taken, to vhieh arc added 23 
! lb. sieetate of lewl, and 7} lb. bi- 
' chromate of poUish, mixed dry, the 
I whole lieing Ixnled for ^ hour. From 
I this are bikcn th<! 3^ ))ints mentioned 
I al*ove for the second ctdourhig. (‘ La 
! GaceU Industrial.’) 

(1) For 250 lb. dry jAper. 
No. 1 stuff'; 4 jjails size, 20 lb, alum, 
2 !h. green copperas, 2 lb. crystal soda, 
IJ ilj. Venetian red. 

(2) For 260 lb. dry jsiper. No. 4 
stuff; 20 lb. chemkal wood pulp, 6 oz. 
ultramarine, 1 lb. VeiK'tiivn red, 4 lb. 
French yellow ochre. 

(1) For 250 lb. dry p!i|)er. 
No. 4 stuff’; 60 lb. inechamcal wood 
pulp, 2^ li). bicliromate 16 minutes 
, kler, 6 lb. sugar of Iciul 15 minutes 
later, 7 uz. Baris blue, 4 pails size, 
15 Ib. alum. 

(2) Me<Uum Peep Shade.—For 260 
lb. dry pajwr. No. 4 stuff; 60 lb. 
mechanical wood pulp, 5 pails size, 20 
lb. alum, 2^ lb. bichromate 15 minutes 
later, 6 lb. sugar of lead 16 minutes 
later, *1^ Ib. Paris blue. 

(3) Peep Clear Tint.—For 260 lb. 
<lry jAper. No. 3 stuff*; 1J lb. bichro¬ 
mate, 3 lb. sugar of lead 15 minutes 
later, 3 lb. Baris blue 10 minutes later, 

5 jaUb she, 20 lb. alum. 

I (4) Deep Green.—For 250 lb. dry 
\ paper. No. 3 stuff*; ,5 pails size, 20 lb. 
alum, 22 lb. silk green paste, extra fine. 
A l)eautiful clear green, 

' (6) Pale Green.—For 250 lb. dry 

paper. No. 4 stuff, full bleached; 
60 lb. wood pulp, 3 oz. bichromate, 

6 oz. HUgar of lead, 4 pails size, 15 lb. 
alum, 3 lb. Paris blue. 

, (6) Pale Green.—For 250 lb. dry 

paper. No. 4 stuff, full bleached; 
4 ]Ail8 size, 20 lb. alum, { lb. bichro¬ 
mate 10 minutes later, 2} lb. sugar of 
lead 10 minutes later, 15 oz. Park 
blue disseived in hot water, adding 
J gill Bulj)huftc acid. 
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Orey. —(1) For 250 Ib. dry paper, j aniline blue, 3 oz. diamond fuchsine, 


No. 4 stuff, half bkiached ; 4 pails size, 
20 lb. alum, 3 lb. greeu copperas, 3 lb. 
crystal soda, 4 lb. dark yellow ochre, 

4 lb. light yellow ochre, h oz. Venetian 
red. 

(2) Fine Grey Writings.—For 260 lb. 
dry paper. No. 4 stuff, full ble<ached ; 

3 lb. ultramarine, B.B.K.V. ; 2 lb. 
Venetian re<l, 4 lb. yellow oclirc, 6 pails 
size, 20 Ib. aliiin. 

(3) Fine Grey Writings. -- For 260 lb. 
dry jMijxir. No. 4 stuff, full bleached; 

C fhiilri size, 25 lb. alum, 15 oz. bichro¬ 
mate, 2^ lb. sugar of load, 6 oz. Paris 
blue j hour later, 7oz. logvvo{Kl c.xtract. 

(1) Fine Grey Writings. —For 250 lb. 

dry No. 4 stuff, full blwiched ; , 

6 pails size, 26 lb. alum, 12 oz. bichro- | 
mate, 2 Ib. sugar of lead, to be dis- 
8oIve<l together in one pdl, and put 
into the engine while hot; 3 oz. Paris 
blue ^ iiour later, 4 oz. logwood ex- : 
tract. j 

(6) Superfine Grey Writings.—For i 
260 lb. dry jMijier. No. 3 stuff, full 1 
bleached; 41b. ultramarine,B.B.A.C.; 

1 lb. bichromate, 1.^' lb, sugar of lead, 

3 Ib. Venetian red, 3 jjails size, 25 Ib. 
alum.' 

Ai/uc.—(1) For 260 lb. dry paper. 
No. 4 stuff, full bleiiuhed ; 6 pdlssize, 
20 lb. alum, 3 oz. aniline blue, ‘ uz. 
diamontl fuchsine. 

(2) Deep Liliwa—For 260 lb. dry 
paper. No. 3 stuff; 6 piilssize, 20 lb, 
alum; 30 oz. methyl violet, markeil | 
B.B.B. ; J oz. eosiue, markeil A. j 

(3) Deep Lilac,—Fur 250 Ib. <lry 
paper. Nos. 3 and 4 stuffs, half and . 
half; 4 pails size, 16 lb. alum, 2 oz. j 
aniline blue, 2 oz. diamond fuchsine, 
3J oz. Paris blue. 

(4) Deep Liliw.—For 260 lb. dry 
paper. No. 4 stuff, full bloachotl; 5 
p^B size, 20 lb. alum, 4 oz. aniline 
blue, 1 oz. diamond fuchsine, 

(5) Deep Lilac.—For 2.50 ib. dry' 
paper. No. 4 stuff; 20 lb. alum, 4 
pails size, 8 oz. diamond fuchsine, 3 uz. 
aniline blue, 50 lb. straw pulp. 

(6) Lilac Tissue. —Deep Sliade, For 
200 lb. dry paper. Nos. 17 aud 18 
rope stuffs, ^ ; No. 6 %tuff, ^; 8 oz. 


2 oz, metby) violet, K.K.U.U. brand. 

Nankeen Timic .—For 200 lb. dry 
paper. Nus. 17 aud 18 rope stuffs,J ; 
canvas, J ; 3 lb. potash, 3 lb. green 
copperas, 2 lb. crystal soda. , • 

l)c('p .—For 250 lb. dry paper. 
No. 4 stuff; (>0 Ib. wo<xl pulp, 4 pails 
size, 16 11), .alum, 2 ]b. green cupjteras, 

2 II), cryshd so<la, '1\ lb. Venethm red. 

Urawjf. —(1) For 260 lb. dry jAjjer. 
No. 4 stuff, only half bleached or gfts- 
blwiched, and not potched ; 3 pails 
size, 16 lb. alum, 6 lb, bichromate, 8 lb. 
sugar of le)«l, 60 lb. suprilne orange. 

(2) Fur 260 lb, dry pif)er. No. 4 
stuff; 60 lb. mechanical wood pulp, 

12 lb. orange mineral, 15 lb. alum, 

4 pails size. 

(3) For 260 lb. dry paper. No. 4 
stuff ; 60 ib. mecljauical woixl pulp 
16 lb. alum, 4 ;iails size, 30 lb. orange 
mincmi. 

(4) For 250 lb. dry paper. No. 4 
stuff; 60 Ih. mechamcal wood pulp, 

15 lb. alum, 3 pails size, 15 Ib. orange 
mineral, 1 lb. Venetiim red. 

(5) B'or 200 lb. dry paper. No. 4 
stuff; 60 lb. yellow mechanical wood 
pulp, 20 lb. orange mineral, U Ib. 
Venetian red, 4 |>ails size, 20 Ib. alum. 
The orange and the Veuotijm rad must 
be carefully strained through a fine wire 
or flannel bug. 

(6) Orange Buff.—B’or 400 lb. dry 
j)aj)er. 400 lb. Oran espirto, 6 lb. 
bichromate of poUwli, 8 lb, sugar of 
lead, 14 lb. Venetian red, 20 lb. alum, 

6 pails size. 

(7) Chrome Orange.—For 300 lb. 
dry paper. No. 1 stuff, full bleached; 

25 Ib. alum, 6 pails size, 56 lb. chrome 
orange paste, No. 1. A fine clear 
orange for a good (^ualily of paper. 

(8) Deep Orange.—For 260 lb. dry 
pa|)er. No. 4 stuff; 40 lb. wood pulp, 

4 pails size, 20 lb. alum, 6 lb. biehro- 
nmte, 18 lb. sugar of lead, 25 Ib. Vene¬ 
tian re<l, 50 lb. straw pulp. 

(9) Palo Orange. — Fur 250 dry 
paper. No. 4 stuff; 40lb. wood pulp, • 
4 pails size, 15 lb. alum, 15 lb. super¬ 
fine orange. 

(10) Orange Yellow. —For 260 lb. 

F 2 
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dry paper. No. 4 stuff; 40 lb. mecha- • 
nical wood pulp, 3 aisse, 16 lb. 
slum, 6 lb. bichromate, 8 lb. sugar of 
lead, 26 lb. Veuetiaii red, 50 lb. straw 
pulp. 

• j(ll) Orange Yellow.—For 400 lb. 

paper. 400 lb. Orw esparto ; 
7| lb. bicbromato, 15 lb. brown sugJir 
of lead, dusolved in 5 pails hot water 
—strain through a flannel bag ; ^ lb. 
Venetian red, 25 lb. alum, 7 jiails . 
uze. 

Pink, —(1) For 250 lb. dry paper. 
No. 4 stuff; 5 |Mvils size, 20 lb. alum, 

3 oz. diamond fuchsiae, dissoWed in 
gal. boiling water and strained 
through a fine Bannel or silk bag. \ 

(2) Eosine, A.—For 250 lb. dry ^ 
paper. No.- 3 stuff, full bleached; 
13 oz. eoune, marked A ; ^oz. methyl , 
violet. A deep pink of a beautiful : 
shade. I 

(8) DeepEosine Pink.—For 2501b. i 
dry paper. No. 3 stuff; 5 pails size, ! 
20 lb. alum, 12 oz, eosine, marked 
B.N., dissolved in boiling water, and 
str^ed through a flannel bag into the 
engine. 

(4) Pale Pink Eosine.—For 250 lb. 
dry paper. No. 3 stuff; 5 pails size, 
20 lb. ^um, 3 oz. eosine, marked B.N., 

^ oz. methyl violet; stnun into the 
engine. 

Purple. —Water 1 qt., logwood 4 oz.. 
Brazil-wood 1 oz. Boil together for 
a few hours, allow to cool, then strain. 

Jied.—(1) Deep Venetian.—For 200 
lb. dry paper. No. 4Btuff, unbleached; 

6 pails size, 20 lb. alum, 2^ lb. yellow 
oemre, 50 lb. Venetian r^, 3 {^ts 
Brazil>wood dye. 

(2) Venetian Bed.—For 260 lb. dry 
paper. No. 8 stuff, unbleached; 50 
lb. bhemical wood pulp, 4 pails uze, 
15 lb. ^um, 60 lb. Venetian red, 

8 puts Brazil-wood dye. 

(8) Venetian Bed.—For 260 lb. dry 
paper. No. 4 stuff, h^ bleached; 2^ 
yellow ochre, 45 lb. Venetian red, 
20 $3. alum, 6 size. 

( 4 ) Venetian Bed.—For 260 lb. diy 
paper*' Nd. 4 stuff; 40 lb. yellow 
wood pulp,' ' 4 ; soils size, 15 lb. ^um, 
481b. yellow oohre, 501b. Venetian red. 


A beautiful deep Venetian red, princi- 
'pally used for the covers of serials. 

(.5) Saturnine lied.—For 250 lb. dry 
paper. No. 3 stuff; 4 pails size, 20 lb. 
alum, 50 lb. saturnine red, 5 lb. super¬ 
fine orange. 

Roie. —(1) For 400 lb. dry paper, 
400 lb. Oran esparto, 14 lb. Venetian 
re(l, 1 lb. chrome yellow, 20 lb. 
alum. 

(2) Fine Rose Tint.—For 400 lb. dry 
paper. Medium Spanish esparto, J ; 
good Oran esjmrto, |; 2 oz. eosine, 
marked A, dissolved in one pail of 
boiling water and strained through a 
flannel bag. 

Skin Colour. —For 250 ib. dry paper. 
No, 4 stuff, 60 lb. wood puJp, 4 pails 
size, 20 lb. alum, 9^ lb. green copperas, 
10} lb. crystal soda, 8 oz. bichromate, 
1} lb. sugar of lead. 

Straxo Tivl. —For 400 lb. dry paper* 
400 lb. Oran esparto, 1} lb. bichromate 
of potAuh,3 lb. white sugar of lead dis¬ 
solved in one pail of hot water, } lb. 
ultramarine, pint iron liquor. 

Deep Shade.—For 250 lb. 
dry paper. No. 3 stuff, full bleached; 
25 lb, alum, 5 pails size, 6 lb. methyl 
violet marked K.B.B.U., 3 oz. methyl 
blue. 

White Tiituc. — For 200 lb. dry 
paper.* Nos. 17 and 18 rope stuffs, 
}; No. 5 stuff, }; 5 oz. ul^marine, 
B.B.A.C. ; 2 gills Brazil-wood dye. 

YeUi/a.^l) For 250 lb. dry paper, 
No.4stuff; 41b.bicbromate20minuteB 
later, 8 lb. sugar of lead } hour later, 
20 lb. alum, 6 pails size, 40 lb. straw 
pulp. 

(2) For 260 lb. dry i»per. No. 4 
stuff; 15 lb. alum, 4 pf^ size, 1} lb. 
bichromate, 5 lb. sugar of lead. 

(3) For 260 lb. dry paper; No. 4 
stuff; 40 lb. mechanical wood pulp, 
15 lb. ^um, 4 pftilH size, 5 lb. Hohi^ 
mate, 8 lb. sugar of lead. 

(4) For 260 lb. dry paper. No,i4 

stuff; 20 lb. mechmiick wood pulp^ 
2} lb. bichromate 20 minutes Uter, 
7} lb. sugar of lead ^ hour later, Ib, 
^um, 4 pails size. ? 

(5) For 260 lb. dry paper. No. 4 
stuff; 40 lb! mecbmiiw vpod pulp^ 
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15 lb. alum, 4 pails size, 5 Ibi bichro* 
mate, 11 lb. sugar of lead. 

(6) Dark Yellow.—For 400 lb. diy 
paper. 14 lb. bichromate of potash, 
1 | lb. brown sugar of lead dissolved in 
one pail of hot water—strain into the 
engine through a flannel bag; 2} lb. 
green copperas 1 hour later, 25 lb. 
^um. 

(7) Yellow Ochre, for Wrapping— 
For 250 lb. dry paper. No. 4 stuff, 
unbleached ; 60 lb. wood pulp, No. 2 
quality ; 4 pails size, 15 lb. alum, 20 lb. 
yellow ochre, 5 oz. Veuetiau red, 4 oz. 
magenta lake. 

(8) Yellow Printings.—For 250 lb. 
dry p»kper. No. 4 stuff, half bleached; 
60 lb. mechanical wood puli>, lb, 
bichromate 20 minutes later, f lb. 
sugar of lead i hour later, 15 lb. alum, 

3 pails size, 50 lb. straw pulp. 

(9) For 450 lb. dry paper. Tunis cs* 
parto, }; No. 2 Sjuinish esparto, J; 
20 lb. Frencli ochre, 4 lb. dark English 
ochre, 8 lb. sugar of load, 4^ lb. bichro* 
mate, 2 lb. rotl chrome. 

(10) For 400 lb. dry paper, Tunis 
esparto, } ; Oran esjurto, }; 3^ lb. 
bichromate, 7 lb. sugar of le^. 

(U) Fhie Yellow Printings.—For 
200 lb. dry jNipor. Spanish esparto, i ; 
Oran esparto, i ; 2 lb. bichnunate, 4 lb. 
sugar ot lead, 3 pails size, 10 Ifl. alum. 

(12) Yellow Wrapping.—For 250 lb. 
dry poj)er. No. 4 stuff, unbl&iched ; 
60 lb. wood pulp, No. 2 quality ; 4 pails 
size, 201b. alum, 16J lb. brown sugjvr 
of lead, 8 lb. bichromate, 20 lb. Venc« 
tian red. 

(13) Yellow Wrapping, for Post 
Paper.—For 250 lb. dry j»per. N.o. 4 
stuff; 60 lb. mechanical wood pulp, 

2 lb. bichromate of potash 15 minutiw 
later ; 4 lb. sugar of lead, 20 Ib. alum, 

4 pails size, 50 lb. straw pulp by 
Lahosse's system, 

(14) Ijemon.—1 qt. spirits of wine, 

3 oz. turmeric root. Bruise the root 
to a powder; put it into a bottle with 
the spirits of wine, cork soundly and 
shake frequently during 2 days. Strwn 
and it is ready for use. 

Parchment. —(^reen.-(a) Boil 
8 parts cream of tartar^and 30 of crys* ' 


tallised verdigris in 500 water; when 
this solution is cold, pour into it 4 parts 
nitric acid. Moisten the parchment 
with a brush, and then apply the above 
licjuid evenly over its suri^. The 
necessary smface finish is given wif^ 
white of eggs, or mucilage of gifti- 
arabic. 

(h) 1 qt. vinegar, J oz. verdigris. 
Boil together; apply with a soft brush 
and, when dry, wash over with a solu¬ 
tion of jxskrhiKh and water, to bring up 
the retjuired tint. 

Jiluc, — (a) Dissolve verdigris in 
vinegar and brush over with tho hot 
solution till it becomes a perfect green, 
then well brush over with a solution of 
pejirhwh, 2 oz. to the pint, until it 
becomes a good blue. 

(5) Use the blue stain for wood, viz. 

; copper filings dissolved in aquafortis ; 

the material must be well brushed over 
; with it, and tlien brushed over with a 
hut solution of pefkrlosh, same strength 
. 08 in (a), until it assumes a perfectly 
blue colour. 

I (r) Boil 1 lb. indigo, 2 lb. logwood, 
and 3 oz. of alum in 1 gal. of water; 
brush well over until thoroughly 
steinod. 

Red,—(a) Boil 1 lb. of Brazil-wood 
I ami 1 oz. of pearlosh in 1 gal. of 
water, and while hot brush over the 
work until of a pro{)er colour. Dissolve 
2 oz. of alum in 1 (|t. of water, and 
brush this solution overtheabove before 
it dries. 

(5) Use a cold infusion of archil, and 
brush well over with a pearlash solu¬ 
tion, 2 dr. to the (jt. 

Purple .—Water 2 qt., logwood J lb., 
Brazil-wood 2 oz. Boil together for a 
few hours, allow to cool, then strain. 

Stose, Plaster, and Bricks.— 

If building stone, such as marble, lime¬ 
stones, etc., are to be stained, then, 
if water stains are to be used, the 
colours should be boiled in it. If 
possible tho stain should be applied 
to the stone while boiling hot, and 
well brushed over the surfaces, and < 
into any ornamental work. If a spirit 
stain is used, it should be applied cold, 
and in all cases be allowed to scsdLvell 
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iu l)efore any washing of irhc stone is 
attempted. 

In colouring plaster a similar process 
can be adopted, but it is far lx3tter to 
mix dry colours (or liquid stains) when 
til# plaster is first being mixed with 
water. 

Bricks, which are usually stained or 
coloured a'tint of red, can be trciited 
with a solution mjwle of ^ lb. of glue 
in 4 gal. of water, to whicli is added 
J lb. alum, 2 lb. Venetian red, an<l 
4 lb. SjHmish bniwn. It should lie 
tried Ijefore applying to a lai^e surfiUJe, 
and the dejith of red or brown can lie 
varied by altering the quantities of 
those materials. 

Wood.—The pnictice of staining 
woods is much less common in America 
and England tJian on the Continent, 
where workmen, familiar with the 
different washes, prcxluco the most 
delicate tones of colour and shade. 
Wood is often sbuticd. to imitate 
darker and dearer varieties, but 
more legitimately to iuqirovo tlie 
natural nppe^auce by hoighleinng and 
bringing out the original markings, or 
by giving a definite colour without 
covering the surface and hiding the 
nature of the material by coats of 
ptvint. The best woods for staining 
are those of close even texture, as pciir 
and cherry, birch, beech, and maple, 
though softer and coarser kinds may 
be treated with good effect. The wood 
should l)e dried, and if an even tint is 
desired, its surface planed and sand¬ 
papered. AU the stains should, if 
possible, be applied hot, as they thus 
penetrate more deeply into the pores. 
If the wood is tol^evamislwl, and not 
subjected to much handling, almost 
any of the brilliant monlants used in 
wool and cotton dyeing may be em¬ 
ployed in an alcoholic soiutiou; but 
when thus coloured it lias an unnatural 
appearance, and is best used in small 
-Burfacea only, for inlaying, etc. The 
eboiused wood, of late years so much 
■ in T^ue, is in, many respects the most 
unsatMactory of the stains, as the 
natural character and tnarldngs are 
complet^y blotted out, and it shows 


the least scratch or rubbing. Some¬ 
times in consequence of the quality of 
the wood under treatment, it must be 
freed from its natural colours by a pre¬ 
liminary bleaching process. To this 
end it is saturated as completely as 
poBsible with a clear solution of 1oz. 
chloride of lime and 2 oz. soda crystals 
in 10^ pints water. In this U<iuid 
the wo(xI is steeped for hour, if it 
does not ap|>car to injure its texture. 
After this bleaching it is immersejl in 
a solution of aulpliurouH acid to re¬ 
move all traces of clilorino, and then 
washe<l in pure water. The .sulphurous 
acid, which may cling to the wood in 
spite of waaliing, does not appear to 
injure it, nor alter the colours which 
are applied. 

— (1) Obtaine<l by IwHing 
t{)gether blue Brazil-wofsl, powderotl 
gall-apples, and alum, in min or river 
water, until it Injcomes l.>Iack. This 
liquid is then filtered through a fine 
organzino, and the objects {Xiinted with 
a new brush l)eforc tlie decoction baa 
cooled, and this repeated until the 
wood appears of a line black colour. 
It is then coated with the following 
Ihjuid : A mixture of iron filings, 
vitriol, and vinegar is lioated (without 
Iwiling), and loft a few days Uj settle. 
Even if the wo<m1 is black enough, yet 
for the sake of durability, it must 
coated with a solution of alum and 
nitric acid, mixed with a little verdi¬ 
gris ; then a decoction of gall-apjfies 
and logwood dyes is used to give it a 
deep black. A decoction may be made 
of brown Brazil-wood with alum in 
rain-water, without gall-apples ; the 
woo<l is left standing in it for some 
days in a inodenitely warm place, and 
to it merely iron filings iiv strong 
vinegar are a<ldecl,”aiid both arc boiled 
with the wood over agcntle fire. For 
this purpose soft pear-wood is chosen, 
which is preferable to all others for 
black staining. 

(2) 1 02 . nut-gall broken into small 
pieces, put into barely -i pint vinegar, 
which must be centred in an open 
vessel; let stand for about hour ; add 
1 oz. steel filings; the vinegar will then 
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commence efferveacmg; cover up, but 
not sufficient to exclude all air. The 
solution must then stand for about 2^ 
hours, when it wall be ready for use. 
Apply the solution with a brush or 
piece of rag to the article, then let it 
remain until dry ; if not black enough, 
coat it until it is, letting it remain 
sufficiently long to dry thoroughly 
each time. After the solution is made, 
keep it in a closely-corked bottle. 

(3) 1 gal. water, 1 lb, logw<Jod chips, 
i lb. black copfxjras, ^ lb. extract of 
logw'ood, ^ lb. indigo >»lue, ‘2oz. lamp¬ 
black. Put these into an iron jwt and 
boil them over a slow tire. When the 
mixture is cool, strain it through a 
cloth, add J oz. nut-gall. It is then 
ready for use. This is a good black 
for all kimls of cheap work. 

(4) 25 parte Cainpeachy wood, 
200 water, and 3 suli^iatc of copper; i 
the wood is allowed to stand 24 hours 
in this liquor, dried in the air, and 
finally imuiersod iu nitrate of iron 
liquor at 4*^ 13. 

(5) Boil 8| oz. logw’ood in 70 oz. 
water and 1 oz. blue stone, and steep 
the w(K)d for 21 hours. Take out, ex¬ 
pose to the air for a good time, and tiien 
steep for 12 liours in a Ixsck of uitrate 
of iron at 4° B. If the bhick is not 
deep enough, steep again in»logwood 
luiuor. 

(6) It is customary to employ the 
clear li({uid obtained by tresiting 2 parts 
powdered galls with 1.5 parte wine, and 
mixing the filtered lhiui<l with a solu¬ 
tion of iron protosulphate, Reimann 
recommends the use of water in the 
place of wine. 

(7) Almost any wood can be dyed 
bUck by the following means: Take 
logwood extract such as is found in 
commerce, powder 1 oz., and Iwil it in 

piiiteof water ; when the extract is 
dissolved, add 1 dr. yellow chromate of 
potash (not the bichromate), and agi¬ 
tate the whole. Tlie operation is now 
. flnishetl, and the liquid will serve 
equally well to write with or to stain 
wood. Ite colour is a very fine dark 
purple, which becomes a pure black 
whw applied to the Wood. 
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(8) For black and gold furniture, 
procure 1 lb. logwood chips, add 2 qt. 
water, boil 1 hour, brush the lic^uor in 
hot, when dry give another coat. Now 
procure 1 oz. green copperas, dissolve 
it in warm w-ater, w’cll mix, and brush 
the solution over the wood : it will 
bring out a fine black ; but the w'ood 
should be dried outdoors, us .the black 
sets better. If polish (smnot be used, 
proceed as follows: Fill up the grain 
with black glue—i.c., thin glue and 
lamp-black—bruslie<l over the parts 
accessible (not in the ofnwings); when 
dry jjaper down with fine jwjwr. Now 
procure, say, a gill of French polish, hi 
which mix 1 oz. of l)est ivory bhwk, or 
gas black is best, well shake it until 
([uite a thick pasty mass, procure i pint 
brown hard varnish, pour a portion into 
a cup, add enough black polish to make 
it quite dark, then varnish the work ; 
two thin coats arc better than one thick 
coat. The first coat may be glass- 
papered down where accessible, as it 
will look bettor. A coat of glaze 
over the w'hole gives a London finish. 
Kiiough vai’iiish should be mixed at 
once for the job to make it all one 
colour. (Smither.) 

(9) For Tith/c. —Wash the surface of 
table with Ihjuid ammonia,applied with 
a piece of rag; the varnish will then 
pe^ off like a skin ; afterwards smooth 
down with fine sand-jM-per. Mix J lb. 
lampblack with 1 qt. hot water, adding 
a little glue size ; rub this stain weU 
in ; let it dry before sand-papering it; 
8mot>th again. Mind you do not work 
through the stain. Afterwards apply 
the following black varnish wiw a 
brood fine camcl-hair brush: Mix a 
small quantity of gas-black with 
varnish. If one eoat of vornish is not 
sufficient, apply a second one after the 
first is dry. Qas-black can be obtained 
by boiling a pot over the gas, letting 
the pot nearly touch the burner, when 
a fine jet black w’ill form on the bot¬ 
tom, which remove, and mix with the 
varnish. 

(10) 17’5 oz. Bmzil-woodand0'52o 
oz. alum are boiled for 1 hour in 2‘76 
lb. water. The coloured liquor is then 
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filtered from the boiled Braadl-wood, 
and applied several times boiling hot 
to the wood to be stained. This will 
assume a violet colour. This violet 
colour can be easily changed into black 
^ preparing a solution of 2’ 1 oz. iron 
fihigs^ and 1‘05 oz. common salt in 
17*5 oz. vinegar. The solution is fil¬ 
tered, and applied to the wood, which 
will then acquire a beautiful black 
colour. 

(11) 8*76 oz. gall-nuts and 2*2 lb. 
logwood are boil^ in 2 • 2 lb. rain-water 
for 1 hour in a copper boiler. The 
decoction is then filtered through a 
cloth, and applied several times while 
it is still warm to the article of wood to 
be stained. In this mannerabeautiful 
black will be obtained, 

(12) This is prepared by dissolving 
0 • 525 oz. extract of logwo^ in 2 • 2 Ib. 
hot rain-water, and by adding to the 
logwood solution 0 • 035 oz. chromate of 
potash. When this is applied several 
times to the article to be stained, a dark 
brown colour will first be obtaine<l. To 
change this into a deep chrome-black, 
thesolution of iron filings, common salt, 
and megar, given under (10) is applied 
to the wood, and the desi^d colour will 
be pnxluced. 

(13) Several coats of alizarine ink 
are applied to the wood, but every coat 
must be thoroughly dry before the 
other is put on. When the articles are 
dry, the solution of iron filings, common 
salt, and vinegar, as given in (10) is 
applied to the wo(^, and a very durable 
bl^k will be obtained. 

(14) According to Herzog, a black 
stain for wood, giving to it a colour 
resembling ebony, is obtained by treat¬ 
ing the wood with two fluids, one after 
the other. The first fiuid to be used 
consists of a very concentrated solution 
of logwood, and to 0 ■ 35 oz. of this fluid 
are added 0'017 oz. alum. The other 
fluid is obtained by digesting iron 
filings in vinegar. After the wocxl has 
been di|^3ed in the first hot fluid, it is 
AHowed to diy, and is then treated with 
the second fluid, several times if neces- 

Uvng.-^-Q.) Boil 1 lb. logwood 


chips 1 hour in 2 qt. water; brush the 
hot liquor over the work to be stained, 
lay aside to dry; when dry give another 
coat, still using it hot. When the 
second coat is dry, brush the following 
liquor over the work : 1 oz, green 
copperas to 1 qt. hot water, to be used 
when the copperas is all dissolved. It 
will bring out au intense black when 
dry. Fdr staining, tlie work must not 
be dried by fire, but in the sunshine, 
if possible; if not, in a warm room, 
away from the fire. To polish this 
work fii’st give a coating of very thin 
glue size, and when quite diy paper off 
very lightly with No. 0 paper, only 
just enough to render smooth, but not 
to remove the bLujk stain. Then make 
a rubber of wiwlding about the size of 
a walnut, moisten the rubber with 
French polish, cover the whole tightly 
with a double linen rag, put one drop 
of oil on the surfiice, and rub the work 
with a circular motion. Should the 
rubber stick it requires more polish, 
Trovious to putting the French polish 
on the warlillng pledget, it ought to be 
mixed with the best drop black, in the 
porportion of J oz, drop black to a gill 
of BYencii polish. When the work has 
received one coat, set it aaide to dry 
for alwut an hour. After the first 
coat is Uud on and thoroughly dry, it 
should be partly papered off with No. 0 
paper. This brings the surface even, 
and at the same time fills up the grain. 
Now give a second coat as before. 
Allow 24 hours to elapse, ^ain paper 
off, and give a final coat aa brfore 
Now comes “spiriting off.” Great 
care must be used here, or the work 
will be dull insteiid of bright. A clean 
rubber must be made, as previously de¬ 
scribed, but instead of being moistened 
with polish it must be wetted \rith 
spirits of wine and placed in a linen rag 
screw’ed into a tight even*aurfeoed 
ball, just touched on the face with a' 
drop of oil, and then rubbed lightly 
and (juickly in circular sweeps all over 
the work from top to bottom. Oae 
a 7 )pli(iation 5f spirits is usually enough, ‘ 
if sufficient has been placed on the ■ 
ilibber at the outset, but it is better 
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to lue rather too little than too much 
at a time, as an excess will entirely 
remove the polish, when the work will 
have to be polished again. Should 
this be the cose, paper off at once, and 
commence as at firet. It is the best 
way in the end. (Smither.) 

(2) Lauber dissolves extract of log¬ 
wood in boiling water until the solution 
indicates 0*^ Baume; 5 pints of the 
solution is then mixed with 2} pints 
pyrolignet)U8 iron mordant of 10^, and 
J pint acetic acid of 2°. The mixture 
is heated for J hour, and is then ready 
for use. 

(3) To imitate black ebony, first wet 
the wood with a solution of logwood 
and copperas, boiled together and laid 
onliot. For this purpose, 2 oz. logwood 
chips with IJ oz. copperas, to 1 qt. 
water, will be required. When the 
work has become dry, wet the surface 
again with u mixture of vinegar and 
steel filings. This mixture may be 
made by dissolving 2 oz. steel filings 
in i pint vinegar. When the work 
has bwomedryt^?ain, sandpaper down 
until quite smooth. Then oil and fill 
in with powdered drop black mixed in 
the filler. Work to be ebonised should 
be smooth and free from holes, etc. 
The wcjrk may receive a light coat of 
quick-drying varnish, and then be 
rubbed with finely-pulverised pumice 
and linseed-oil until very smooth. 

(4) 1 gal. strong vinegar, 2 lb. ex¬ 
tract of logwood, ^ lb. green copperas, 
J lb. China blue, and 2 oz. nut-gall. 
Put these in an iron pot, and boil them 
over a slow fire until they are well dis¬ 
solved. When cool, the mixture is 
ready for use. Add to the above J 
pint iron rust, which may be obtained 
by scraping nisty hoops, or preferably 
hy steeping iron filings in a solution of 
acetic acid or strong vinegar. 

(5) Common ebony stain is obtained 
hf preparing two baths ; the first, ap- 

warm, consists of a logwood de¬ 
coction, to every quart of which 1 dr. 
alum is added ; the second is a solution 
of iron filings in vinegar. - After the 
wood has dried from the first, the 
second is applied as oftto as is required. 


For the first-named bath some tn^h 
stitute 16 oz. gall-nut, 4 oz. logwood 
dust, and 2 oz. verdigris, boiled in a 
sufficient quantity of water. A pecu* 
liar method of blackening walnut is 
in use in Numberg. On one of the 
Fegnitz Islands there is alai^grmdftg- 
mill, turned by the stream, where iron 
tools are sharpened uid polished. The 
wood is buried for a week or more in 
the slime formed by the wheels; when 
dug out it is jet black, and so per¬ 
meated by silica as to be in effect 
petrified. Another way to ebonite 
flat surfaces of soft wood is to rub very 
fine charcoal-dust into the pores with 
oil. This works beautifully with the 
European linden and American whiter 
wood. 

(6) For a fine black ebony stain, 
apple, pear, and hazel wood are the 
b^t woods to use; when stuned 
black, they are most complete imi¬ 
tations of the natural ebony. For 
the stain take — gall-apple, 14 oz. ; 
rasped logwood, 8} oz. ; vitriol, If 
oz.; verdigris, If oz. For the second 
coating a mixture of iron filing (^ure), 
8^ oz,, dissolved in strong wine vine¬ 
gar ; pint is warmed, and when 
cool the wood already blackened is 
coated 2 or 8 times wi^ it, allowing it 
to dry after each coat. For articles 
which are to be thoroughly saturated, 
a mixture of If oz. sal-ammonisK, with 
a sufficient quantity of steel fi^nga, is 
to be placed in a suitable vessel, strong 
vinegar poured upon it, and left for 
14 days in a gently-heated oven. A 
strong lye is now put into a suitable 
pot, to which is added coarsely-bruised 
gall-apples and blue Brazil shavings, 
and exposed for the same time as 
former to the gentle heat of an oven, 
which will then yield a good liquid. 
The woods are now laid in the first- 
named stain, boiled for a few hours, 
and left in it for 3 days longer; they 
are then plaoed in the second stain 
and treat^ as in the first. If the 
articles are not then thoroughly satu-; 
rated, they may be once more plaoed 
in the first bath, and then in the 
second. The polish used for wood 
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that is stained black should bo ; 
“white” (colourless) polish, to which 
a very little finely-ground Prussian , 
blue should be add^. 

(7) Wash with a concentrated 
agueouB solution of extract of logwood 
BO'^ral times ; then with a solution of 
acetate of iron of 14° B., which is 
repeated until a deep black is pro¬ 
duced. 

(8) Beech, poar-tree, or holly 8tee[)ed 
in a strong liquor of logwoexi or galls. 
Let the wood dry, and wash over with 
solution of sulphate of iron. Wash 
with clean water, ami repeat if colour 
is not dark enough. Polish with 
bhu:k polish. 

(9) Oak is immen4e<l for 48 hours in 
a hot saturated solution of alum, and 
then brushed over several times with a 
logwood decoction preparetl as follows: 
Boil 1 part best logwo<xl with 10 of 
water, Mtor through linen, and evapo¬ 
rate at a gentle heat until the volume 
is i*educed ono-balf. To every quart 
of this add 10 to If) drops of a saturated 
solution of indigo, completely neutral. 
After applying this dye to the wood, 
rub the latter with a saturated and 
filtered solution of verdigris in hot 
concentrated acetic aci<l, and re|)uat 
the operation until a black of the 
desired inteiiHity is obtained. Uak 
thus stained is said to be a close as 
well as handsome imitation of elxmy. 

(10) * 1 lb. logwood ehi])s, 3 pints 
water; boil U) 1 pint; apply hot to 
wood ; let dry ; then give another coat; 
let dry slowly; sandpaper smooth ; mix 
1 gill vinegar with 3 tablcspoonfuls iron 
or steel Clings ; let stand 5 hours, then 
brush on wood; let dry; then give 
another coat of the first. This sends 
the vinegar deejrer into the wood and 
makes a dettser black; after which paper 
smooth. Then polish with white French 
polish, as the white brings out the black 
purerthan common French polish. The 
woods observed to take on the stain beat 
are pear-tree, plane-tree, and straight- 

• reede4 birch; mahogany does not stain 
nearly so well as the former woods. 

(11) Get 14b. of logwood chips and 
boil them down in enough water to 


make a good dark colour; give the 
furniture 3 or 4 coats with a sponge ; 
then put some rusty nails or old iron 
into a bottle with some vinegar, and 
when it Ixjgins to work give the furni¬ 
ture a co{\t of the vinegar. Tliis, if you 
have well darkened it with the first, 
will give you a gotxl black. Oil and 
polisli in the usual way, rubbing down 
first with fine {jajxjr if required. A 
quicker way is t<> give the wood a coat 
of size and lamp} daek, and then use gas- 
black in your |x)li«h rubber. 

(12) Make a strong dccocthm of log¬ 
wood by Iwiling 1 ll\ in 1 qt. water for 
about 1 hour; add thereto a piece of 
washing soda a.s large os a hazel-nut. 
Apply hot U> the wood with a soft 
brush. Allow to dry, then paint o\-er 
the x-khkI with a solution of Hul])hate of 
iron (1 oz. to the pint of water). Allow 
this to dry, and re{)eiit the hjgwood and 
sulphate of iron for at lawt three times, 
finisliing olf with logwocxl. Once more 
allow tt) dry thoroughly, tlien sand* 
fAper off very lightly (so as not to 
remove the dye) with No. 0 paper. 
Now make a very thin glue size, boil 
in it a few chips of .logwocxl and a 
crystal or two of sulphate of iron, just 
sufficient to make it inky black. Paint 
this lightly over tiie work, allow to dry 
once nwre, again sandpaper lightly, 
and finally eitlier varnish with good 
' hard white varnish, or polish with 
1 French polish and drop black. 

I Muc. —(1) powder a little Prussian 

' blue, and mix to the consistency of 
I paint with beer; brush iton thewooil, 
and, when <lr 3 % size it with glue dis- 
Bolve<l in boiling water; apply luke¬ 
warm, an<l let this dry also ; then rub 
I down an<l vaniiah or French polish. 

(2) Indigo solution, or aconcentratod 
! hot solution of blueyitriol, followed by 
I a dip in a solution of washing soda, 
j (3) Prepare as for violet, and dye 
' with aniline blue. 

(4) A beautiful blue stain is obtained 
by gradually stirring 0*52 oz. finely 
. powdered indigo into 4 *2 oz. sulphuric 
acid of 60 per cent., and by exposing 
this mixture for 12 hours toa tempera- 
' ture of 77® F.*(26® C.). The moBB 
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IB tlien poured into 11 to 13 lb. rain¬ 
water, and filtered through felt. This 
filtered liquor is applied several times 
to the wood, until the desired colour 
has been obhiined. The more the 
solution is diluted with water, the 
lighter will be the colour. 

(5) 1*05 oz. finest indigo carmine, 
dissolved iu 8*75 oz. water, applied 
several times to the artieles to Ite 
stained. A verj'^ fine blue is in this 
manner obhiined. 

(6) 3’.0oz. French verdigris are dis¬ 
solved in 3 oz. urine and H’Tf) <»z. 
wine vinegar. The solution is filtered 
and applied t(» the article to lH;Rtaine<l. 
Then a solution of 2'1 oz. carbonate of 
potash in 8*70 oz. rain-water is pre- 
jjared, aixl the artichs coloured with 
the verdigris is brushcsl over with this 
solution until the desircil blue colour 
makes its ap^)eiiranee. 

(7) The newest ])r<x‘caNCS of staining 
wood blueare those withanilinecohnirs. 
The following colours may Ixi clioseu 
for the staining liquor : Dleu do Ly(m 
(reddisli blue), bleu de lumiore (pure 
blue), liglit blue (greenish blue). Tliese 
colours are dissolvetl in the })ropoi'tion 
of 1 part colouring suhstanco to 30 of 
spirits of wine, and the wood is ti'oateil 
with tlio Bolution. 

lirowu. —(1) Vanous tonef» may Ixj 
produced by monlantingwitb cliromate 
of potesb, and applying a <lecoetiou of 
fustic, of logwocxl, or of pau.‘bwood. 

(2) Sulphuric ;icid, more or less di- 
lute<i according to the intensity of the 
colour to be pnKluced, is applied with 
a brush to the wfxxl, previously cleaned 
and dried. A lighter or darker brown 
stain is obtained, according to the I 
Btrengtli of the acid. When the acid ' 
has acted sufficiently, its further action 
is arrested by the application of am¬ 
monia. 

(3) Tincture of iodine yields a fine 
brown coloration, which, however, is 
not permanent unless the air is ex¬ 
cluded by a thick coating of polish. 

(4) A sinijjle brown wa.sh is ^ oz. 
alkanct root, 1 oz. aloes, 1 oz. dragon’s- 
blood, digoste*! iu I lb. alcohol. This is 
applied after the wood4ias been washed 


with aqua regia, but is like all the alco¬ 
holic washes, not very durable. 

Broion fiyr Oak Picturf-Fra/mes.^ 

■ (1) Dissolve 1 oz. of bichromate of 
I pohwh in 1 qt. of rain-water, and add 
j sufficient dry burnt umber for the re- 
j quired .shade. For a darker tint lllb- 
stitute Vandyke brown for the umber. 

: Apply liberally with brush or rag in the 
direction of ihegmin. The potash lias a 
darkening effect without the colouring 
matters, so trial should be made on 
o<ld piec<*s of woixl. 

Ih'Dd'nx for M Oak. —(1) In repair¬ 
ing old furniture any new material 
must be stained to match the old. 
There appears to be no better way of 
doing this than using a simple solution 
of jtermanganate of pohisii in water. 
The doptli of colour can be tried on 
any R|«iro cuttings. 

(2) When old ojik is to he made of a 
deejier sliade, iron wjwh is used. Tliis 
is made by jMjuring some vinegar over 
scrap iron, which, after a few Iiours, 
will make a liipuid witli whicli old oak 
can I>e stained to tlio deepest shade. 
It is not suited for new oak as it gives 
a purplisli sluule with this, but it suits 
I old (or fumed new) woixl well, 
j (7wn.--(l) Monlant the wood with 
' reil U( puor at I ® B. This is prepared by 
’ dissolving seiiaiutcly iu water 1 part 
sugai* of load anti 4 of alum free from 
iron ; mix the solutions, and then add 
I part of soda crystals, ainl let settle 
j overnight. The clear liquor is de* 

! canted off from thesedimentof sulphate 
I of loa<l, and is then diluted with water 
till it marks 1° B. The w’ood, when, 
mordanted, is dyed green with berry 
liquorand cxtroctof indigo, therelative 
proportionsof which determine the tone 
of the green. 

(2) Veniigris ilissolved in 4 parts 
water ; or in rinegar. 

(3) 4 • 2 oz. oopj^er, cut up finely, are 
gradually dissolved in 13 oz. nitricacid 
(aquafortis), and the articles to be 

, stiuned are boiled in this solution until 
! tliey have aewumed a fine green colour., 

Urey. —(1) Greys may be produced 
by Ixiiliug 17,oz. orchil paste for J hour 
in 7 pints water. The wood is first 
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tinted with this solution, and then, 
before it is dry, steeped in a beck of 
nitrate of iron at B. An e:cce88 of 
iron gives a yellowish tone; otherwise 
a blue grey is produced, which may be 
completely converted into blue by 
mchns of a little potash. j 

(2) 1 part nitrate of silver dis- I 

solv^ in 60 of <iistilled water; wash 
over twice; then with hydrochloric ' 
acid, and aftorwanls with water of | 
ammonia. The wood is allowed to dry | 
in the dark, and then finished in oil and I 
polished. | 

(3) An artistic grey-green: Brush 
the wood over with a acdution of 1 part j 
of pyrogallic acid in 20 of water. • 
When dry go over with a solution of 1 I 
pwt of aniline green in 12 of alcohol. I 

(4) ^ lb. verdigris, 1 oz. sap green, . 
1 oz. indigo, 3 qt. vinegar. Wash the 
wood with the hot liquor, or boil the 
wood in it. 

(6) Dark green^blue for oak. Wash 
over with copperas in water. ; 

(6) Qreen-grey for maple. Wash 
over with copperas in water. 

Mahogmy,—{l) Boil ^ lb. madder , 
and 2 oz. logwood chips in 1 gal. i 
water, and brush well over while hot, ! 
When dry, go over with pearlash solu- , 
tion, 2 dr. to the quart. By using it! 
strong or weak, the colour can be 
varied at pleasure. | 

(2) Soak I lb. stick vamiah in 2 qt. I 
water until all the colour is dissolved 
out; strain off the water, and add to 
the residue 25 dr. powdered madder. 
Set the mixture over the fire until it 
is reduced to f of its original volume. 
Then mix together 25 dr. cochineal, 
26 dr. kermes berries, 1 pint spirits of 
wine, and ^ oz. pearlash, out of which 
the colour has b^n washed by soaking 
in a gill of soft water. Add this mix¬ 
ture to the decoction of madder and 
varnish, stirring well together, and 
addi^ so much aquafortis as will 
bring the red to the desired shade. 
(Gewerbehalle.) 

I (8) Dark Mahogany. — Introduce 
‘into a bottle 16 gr. alkanet root, 30 
p. albes, 30 gr. powdgred dragon's- 
and 600 p, 96 per cent, alcohol, 


closing the mouth of the bottle with 
a piece of bladder, keeping it in a 
warm place for 3 or 4 days, with 
occoaional shaking, then filtering the 
liquid. The wowl iti first mordanted 
with nitric acid, and when dry washed 
with the stein once or oftener, ac¬ 
cording to the desired shade; then, 
the wood being dried, it is oiled and 
polished. 

(4) Light Mahogany.—Same as dark 
mahogany, but the shvin lieing only 
appli(^ once. The veins of true 
mahogjvny may be imitated by the use 
of acetate of iron skilfully applied. 

(5) The following process is recom¬ 
mended in ‘ Wieilerhold’b Trade Cir¬ 
cular ’: The coar.se wuod is first coated 
with a colouretl size, which is prepared 
by thoroughly mixing up. in a warm 
solution, 1 pirt commercial glue in 6 
of water, ami a sufficient ([uantity of 
commercial maho^ny brown, which 
is in reality an m)n oxide, and in 
colour stands between so-called English 
red and oxide of iron. This is best 
effected by adding in excess a sufficient 
quantity of the dry colour with the 
warm solution of glue, and thoroughly 
mixing the mass by means of a brush 
until a uniform ]jaste is obtained, in 
which no more ilry rwl particles are 
seen. A trial coal is then laid upon a 
piece of wood. If it is desired to give 
a light mahogany colour to the object, 
it is only necessary to add. leas, and 
for a darker colour more, of the brown 
body-colour. When the coat is dry, 
it may be tested, by rubbing with the 
fingers, whether the colour easily 
separates or not. In the former case, 
more glue must be added until the dry 
trial coat no longer perceptibly rube 
off with the hands. Having ascer¬ 
tained in this way the right condition 
of the size colour with respect to tint 
and strength, it is then warmed 
slightly, and worked through a hair 
sieve by means of a brush. After this, 
it is rublx;<l upon the wood surface 
witi] the brush, which has been eve- 
fully washed. It is not necessary ta< 
keep the colour warm during the 
pamting. Sh(^d it become thick by 
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gelfttinising, it maj be laid on the 


wood with the brush, and dries more 1 
rapidly than when the colour is too 
thin. If the wood is porous and 
absorbs much colour, a second coat may 
be laid on the first when dry, which 
will be sufficient in all cases. On 
drying, the size colour appears dull 
and unsightly, but the following coat 
clianges immediately the appearance 
of the surface. This coat is spirit 
varnish. For its production 3 parts 
spirits of wine of 90“ are added in 
excess to 1 part of red acaroid resin in 
one vessel, and in another 10 parts 


shellac with 40 of spirits of wine of 
8U“. By repeated Station for 3 or 4 
days the spirit dissolves the resin 
completely. The shellac solution is 


then poured carefully from the sedi¬ 
ment, or, better still, filtered through 
a fine ch>th, when it may be observed 
that a .slight milky turbidity is no 
detriment to its use. The resin solu¬ 
tion is l)est filtered into the shellac 
solution by pouring through a funnel 
loosely packed with waddmg. When 
filtered, the solutions of both resins are 


mixed by agitating the vessel and 
letting the vamisli stand a few days. 
The acaroid resin colours the shellac, 
and imparts to it at the same time the 
d^ree of suppleness usuall/ obtained 
by the addition of Venetian turpentine 
or linseed-oil. If the varnish is to be 


employed as a coat, the upper layers 
are poured off at once from the vessel. 
One or two coats suffice, as a rule, to 
give the object an exceedingly pleasing 
effect. The coats dry very quiokly, 
and care must be taken not to apply 
the second coat until the first is com¬ 
pletely dry. 

(6) 7‘6 oz. madder, 8*75 oz. rasped 
yellow wood, are boiled for 1 hour in 
6*5 lb. watw, and the boiling liquor is 
applied to the articles until the desired 
colour has been produced. 

(7) 1*06 oz. powdered turmeric 
1*05 OK. powdered dragon’s-blood, on 
digested m 8*75 oz. of 80 per cent, 
strong alcohol, uid when the latter 
seems to be thoroughly coloured it is 
filtered through a cloth. The filtrate 


is heated and applied wann to ths 
article. 

(8) 17 * 6 oz. madder, 8 * 76 oz. ground 
logwood, are boiled for 1 hour in 5*5 
lb. water. This is filtered while still 
warm, and the warm liquor is ap^pd 
to the wood. When tms has berime 
dry, and it is desired to produce a 
darker mahogany coloiu*, a solution of 
0*525 oz. carbonate of potash in 4*4 
lb. water is applied to the wood. This 
solution is prepared cold, and filtered 
through blotting-paper. 

(9) 0 * 35 oz. amline is dissolved in 
8*75 c«. spirits of wine 90 per cent, 
strong. Then another solution of 
0*36 oz. aniline yellow in 17*5 oz. 
spirits of wine 90 per cent, strong is 
made, and this is added to the anUme 
solution until the re(tuired reddish- 
yellow colour is obtained. By adding 
a little of a solution of aniline brown 
(0*35 oz. aniline brown in 10*5 oz. 
spirits of wine 90 per cent, strong), 
the colour is still more completdy 
harmonised, and a tmt very closely 
resembling mahogany can be given to 
elm and cherry wood with tlw mix¬ 
ture. 

(10) 0*7 oz. logwood is boded in 
8 * 5 oz. water down to about This 
is then filtered, and 0*12 oz. chloride 
of baryta is dissolved in it. 

(11) Cliippendaic, —Take mahogany 
stain and eWken it by a solution of 
bichromate of potash. A pennyworth 
of the latter is sufficient for a pint of 
water. Its strength can be tested on . 
an odd piece of new wood. Uore water 
oan be added if necessary. 

Maple. —2 gal. methylated spirits, 
I lb. gamboge, 6 lb. pale button lao, 
} oz. Bisma^ brown, 1 oz. Vandyke 
brown. 

Oak .—^Mix powdered ochre, Vene¬ 
tian red, and umber, in size, in pro¬ 
portions to suit; or a richer stain*may 
be made with raw sienna, burnt sienna, 
uid Vuidyke brown. A light yellow 
stain of raw sienna alone is Tery.^eo- 
tive, • 

Da/rhming ^1) Lay on liquid 
ammonia with a rag or brush. The 
colour deepens immediately, and does 
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not fade, this being an artificial pro¬ 
duction of the process which is iu<Iuced 
naturally by age. Bichromate of pot¬ 
ash, dissolved in cold water and applied 
in a like manner, will produce a very 
B^ipiilar result. 

(1) In Germany, the cabinet-makers 
use very strong coffee for darkening 
oak. To make it very dark : iron filings 
with a little sulphuric jicid and water, 
put on with a sponge, and allowed to 
dry between each application until the 
right -hue is reached. 

(3) Whitewash with fresh lime, and 
when dry l)ru8h off the lime with a 
hard brush, and dress well with linseed- 
oil. It should be done after the wood 
has been worked, and it will make not 
only the wood, but the carving or 
moulding, look old also. 

(4) Use a strong solution of common 
washing-soda, say one or two coata, . 
until the proper colour is obtained. Or 
you may try carbonate of potash. Paper 
and finish off with linsood-oil. 

(5) A decoction of green walnut- | 
ah^s will bring new oak to any shade, I 
or nearly black. 

Purpl€,—(i) T^e 1 Ib. logwood 
chips, I gal. water, 4 oz. pearlash, 2 oz. 
powdered indigo. Boil the logwood in 
the water till the full strength is 
obtained, then add the pearlash and 
indigo, and when the ingredients are 
dissolved the mixture is ready for use, 
either warm or cold. This gives a 
beautiful puqde. 

(2) To stain wood a rich purple or 
chocolate colour, boil ^ lb. madder and 
I lb. fustic in 1 gal, water, and when 
boiling brush over the work until 
stained. If the surface of the work 
should be perfectly smootli, brush over 
with a weak solution of nitric acid, 
then finish with the folloM'ing: Put 
4^ oz. dragon's-blood and 1 oz. soda, 
both well bruised, into 3 pints spirits 
of wine. Iiet it stand in a worm place, 
shake frequently, stain and lay on with 
a soft brush, repeating until a proper 

> colour is gained. Polish with linse^- 
o3 or varnish. 

(3) 2*2 lb. nsped logwood and 5*5 
lb. rasped Lima-^ dyewood are boiled 


for 1 hour in 5 * 5 lb. water. It is then 
filtered tlirough a cloth and applied to 
tliearticle U> bestainod until thedesired 
colourhas been <il)taincd. In the rrieaii- 
whilc a solution of 0*175 oz. carbonate 
of ptitash in 17'5 oz. water bw boon 
prepared, and a thin coat of this is 
applied to tlio article stained re<l. But 
strict attention must be fiaul not to 
apply too thick a ciat of tliis solution, 
or else a dark blue colour will be the 
1 result. 

j Med. —(1) The wood is plunged first 

' in a solution of 1 oz. of cunl soap in 
: 35 fl. oz. water, or else is rublted with 
the solution ; then magenta is applied 
in a state of sufficient diluuon U) bring 
out the tone required. All the aniline 
colours behave very well on wood, 
i (2) For a rod stain, a decoction of 
J lb. l^wood and i oz. potash in 1 lb. 
water is used as the Utli. Iwing fixed 
by a wash of alum water. For scarlet, 
use 1 oz. cochineal, 6 oz. powdered 
argol, 4 oz. cream tartar, in 12 oz. 
chloride of tin (scarlet spirits). 

(3) Take 1 qt. alcohol, 3 oz. Br^il- 
t wood, J oz. dragon’s-blocxl, ^ oz, cochi¬ 
neal, luz.saffi'un. Steeptofullstrougth 
and strain. It is a b^utiful crimson 
slain for violins, work-boxes, and fancy 
articles. 

(4) Bffeides thefiniline colours, which 
, are, however, much affectwl by sunlight, 

' cochineal gives a very good scarlet red 

upon wood. Boil 2 oz. cochineal, pre- 
- viously reduced to u fine fwwder, in 
35 oz. water for 3 hours, and apply it 
I to the wood. When dry, give it a coat¬ 
ing of dilute chloride of tin to which is 
• added a little tartaric acid—1 oz. chlo¬ 
ride of tin, and ^ oz. tartaric acid in 
I 35 fl. oz. water. If, instead of water, 
the cochineal is boil^ in a decoction of 
burk (2 oz. bark to 35 oz. water), and 
the chloride of tin is used as above, an 
intense scarlet and all shades of orange 
may be produced according to the pro¬ 
portions. 

(5) Take 1 gal, alcohol, lb. cam¬ 
wood, i lb. red Banders, 1 lb. extract of 
logwc^, 2 oz. aquafortis. When dis¬ 
solved, it is ready for use. It should be 
applied in 3 coao over the whole star- 
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face. When dry, rub down to a smooth 
surface, using for the purpose a very 
fine paper. The graining is done with 
iron rust, and the slnwlingwith asphal- 
tuin thinned with sjjirits of turpentine. 
When the shiiding is dry, apply a thin 
coat of shellac ; and when tliat is dry, 
rub down with fine paper. The work 
is then ready for varnishing—a fine rose 
tint. 

(6) Monnier recoimnends steeping 
the wootl for Bcvoral hours in a bath 
of 1200 gi“. i<Hli(le of pobkssium to the 
quart of water, and tlien immersing it 
in a bath of .’fyr) gj'. cormsive sublimate, 
when it will Jissume a beautiful rose- 
red colour by chemical precipitation. 
It should subsequently l)e covered with 
a glossy varnish. The liaths will not 
nee<i renmval fur a long time. 

(7) 2‘2 lb. fimdyqxiwdcrud Lima red 
dyew(M»d and 2'1 oss. earlrojjale <»f 
potash are j>ut in a glass Urttle and 
digested in *>'•> lb. water for S days in 
a warm ])lace; the hobile should bu 
frequently sliakeii. It is then filturisl 
througii a cloth ; the fluid is lieated, 
and ap})Iied to the article to Ire stained 
until the laibcr iwtjulres a beautiful 
colour. If it is desired to brighten the 
colour, a wjiutiou of 2’] oz. alum, free 
from iron, in 2’2 lb. water is applitxl 
to the article while it is still wet. The 
last strlution can lx; pivjmrod by Iicat; 
when it has been accomplislied, it is 
filtered. As s«)on as tlio steins have 
become dry, tlrey should be rublxsl 
witli a rag moistened with linseed-oil, 
after which tlie varnish may beap}>lied. 

(8) Cherry.— 8 <jt. of water, J Ib. 
annatto; boil together in a copjrer 
vessel until dissolved. Now add a piece 
of potash about the size of a walnut, 
wid boil for 80 minutes longer. 

(9) Superior Clierry.—Use common 
Munichhvke. This pi^uces a beautiful 
rich cherry 8ha<le. 

(10) Cherry for Common Work.— 
Dissolve common dork yellow ochre in 
water and add a little old beer. Apply 
one coat. When dry, rub down with 
fine glass-paper and then go over with 
a coat of red lake ground in water. 

(11) Kose.—Iodide <X potash in 12 


parts water for a first coat, and corro¬ 
sive sublimate in 20 parts water for a 
second. 

(12) Crimson.—1 lb, ground Brazil¬ 
wood, f g!il. water, ^ oz. cochineal. 
Boil the Bnizil-wo(Hl for an h(^, 
strain and add the cochineal; I»ii 
gently for 30 minutes and it is ready 
for use. 

In 3 qt. of water 
Ijuil 1 lb. of logwood until a dark red 
colour is obtained, then atld 1 oz. of 
Kills of tarter. (Jive the wood 3 or 
4 coats wliile theliijuid is scalding hot, 
letting ciich coat dr}’, if desired, this 
can 1)0 grained with black stain, if a 
gofxl iinitetion of real rosewood is 
re(iuire<l. 

Take 1 (jt. alcohol, 3 
oz. ground turmorie, oz. {x)wdored 
gainisige. When steeped to ite full 
strength, strain through fine muslin. 

It is then ready for use. Apply with 
a piece of fine spnge, giving tlie work 
2 coats. When dry, sondjiaper down 
very fine. It is then muly for polish 
or varnish, and is a good imitation of 
satinwoud. 

IVo/ri.--(1) The wood is treated in 
a bath iniulu ui) with 4^ oz. olive-oil, 
tlie same weight of sofla-iwli, and 2j|' 
)}ints Ixiiling water, and it is then 
dyed with magnete to wliich a corre¬ 
sponding (juantity of tin crystals has 
l)een iulded. 

(2) 1 lb. Bnwn-wo(xl, I oz. alum, 

2^ pints water. Boil togetlier and 
strain. A])})ly 3 or 4 coats while 
boiling hot, let.ting each coat dry. 

Wii/nut.- hniil and other common 
woods are stained to imitate polished 
wabiut in ^'a^ious ways. 

! (1) One method is, after careful 

rubbing witli glasspaper, to go over 
the surface with a preparation of 
Cassol brown Iwiled in a lye of soft 
' soap and stxla. After drying, the 
surface is rubbed over with pumice 
and oil, and polished with Celiac. 

, The Cassel brown will not take equally 
; well on all kinds of wood, so that if • 
‘ not laid on thick it sometimes comes 
off under the subsequent pumicing ; 
whilst on the other hand this same 
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ihiokneffl conceals, more or less, the 
grain on the wood beneath, giving it 
the appearance of having been pointed. 

(2) Others use instewl a decoction 
of green walnut-shells, dried and boilal 
ietthe same lye, or in soft water to 
which soda has .been added. The 
decoction of walnut-shells is apt to 
come off on the clotlies as a yellowish 
adhesive sul^stance. 

(3) Others, agivin, employ catechu and 
Idchromate of potosh in equal parts, 
boiled separately andafterwards mixed. 
The mixture of catechu and bichTt)mate 
of potash leaves a reddish-brown de¬ 
posit on the surface of the wood, not 
unlike real walnut. 

(4) The following is said to be a 
very superior method for staining any 
kind of wood in imitation of walnut, 
while it is also cheap and simple in its 
manipulation. The wood, previously 
thoroughly driwl and warmed, is coated 
once or twice with a stain composed 
of 1 02 . extract of walnut>pecl dis¬ 
solved in 6 os, soft water by heating it 
to boiling, and stirring. The wood 
thus troat^, when half dry, is brushed 
with a solution of 1 oz. bichromate of 
j>otash in 5 oz. boiling water, and is 
•then allowed to dry thoroughly, and 
is to be rubbed and polished as usual. 
Bed beech and alder, under this treat¬ 
ment, assume a most deceptive re¬ 
semblance to American walnut. The 
colour is fixed in the wood to a depth 
of one or two lines. 

(5) Mix dr^on’s-blood and lamp- 
black in methylated spirits till you get 
the colour required, and rub it well 
into the grain of the wood. 

(6) Light Walnut.—Dissolve 1 part 
permanganate of potassium in 30 of 
pure water, and apply twice in suc¬ 
cession ; after an interval of 5 minutes, 
wash with clean water, and when dry, 
oil and polish. 

(7) Dark Walnut.—^me as for light 
wa^ut, but after the washing with 
inter the dark veins sre made more 

with a solution of acetate of 

mm. 

(8) In the wujter season get some 
privet berries (black), which grow m 


most gardens, and put 2 oz. in ^ pint 
solution of li(}uid ammonia. 11118 , 
applied to ]>iue, then varnished or 
polished, cannot be delected from real 
walnut itself. 

(9) Take 1 gal. very thin sized shel¬ 
lac ; add 1 lb. dry burnt umber, 1 lb. 
dry burnt sienna, and J lb. lampblack. 
Put these articles into a Jug and shake 
frwjuently until they arc mixetl. 
Apply fine coat with a brush. Wdieu 
the work is dry, nib d<iwn witli tine 
piper, and apply one co.ii of sliellac or 
cheap varnish. It will tlien lie a gocal 
imitation of solid walnul, and will lio 
adapted for the hack }K)ards of mirror- 
frames, for the back and inside of 
casework, and for siiultar work. 

(10) Take 1 gal, strong vinegar, 1 Ib. 
dry burnt umber, ^ lb. tine rose-pink, 

lb. dry burnt Vandyke brown. Put 
intea tin and nuxwcll; let thomi.\ture 
stand one day, and it will tlicn be ixsady 
for use. Apply this staiu to the wtK>d 
n itii a piece of line sj oiige; it will dry 
iu J hour. The whole piece is then 
readyfor the hlling process. When the 
work is complete, the stained part 
cannot be detected even by those who 
have performed the job. By means of 
this recipe, wood of poor quality and 
mostly of sap can be used with good 
effect. * 

(11) By a simple staining, furniture 
of pine or birch wood can be easily 
made to appear as if it had been ve¬ 
neered with walnut veneer. For this 
a solution of 3*15 oz. manganato of 
potash, and 3*15 oz. sulphate of man¬ 
ganese in 5'25 qt. hot water, is made. 
This solution is applied to the wood 
with a brush, and must be repeated 
several times. The manganato of 
potash is decomposed when it comes in 
contact with the woody fibre, and thus 
a beautiful and very durable walnut 
colour is obtained. If small^ wooden 
articles are to be stained in this mannei' 
a very diluted bath is prepared; the 
articles are dipped into it, and kept 
there 1 to 9 minutes aootnding ae t£e 
colour is desired li^^ter or d^er. 

(12) Darkening — ^aked> 

liine, 1 to 4 of water, will do for some , 
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kinds of walnut; a weak solution of (9) Bright Qolden Yellow.—O'52 
sulphate of iron for others; and yet oz. finely-powdered madder is digested 
agam for other kinds a weak solution for 12 hd^s with 2*1 oz. dilute sul- 
of pearl-ash. Try each on the wood, phuric acid, and then filtered through 
and choose the one you like best. a cloth. The erticlee to be stained an 
(13) To give to walnut a dark allowed to remain in this fluid 3 ^4 
colour resembling rosewood, Hirsch- days, when they will be staified 
berg uses a solution 0* l7oz. bichromate through. 

of potash in 1*06 oz. water. This ; (10) Orange Yellow.—^ lb. orange 

solution is applied to the walnut with shellac, 3 pints methylated spirits, 1 
a s|)onge, and the wood is then pumiced oz. |)earl ash, ^ oz. dragon’s-blood, 
and polished. Fwiniigatvng(or ArnmoniaUing) Oak. 

Yellow. — (1) Mordant with red —This process is adopted to give oak 
liquor, and dye with bark liquor and wainscot or other work an antique 
turmeric. appearance. The tint obtained is very 

(2) Turmeric dissolved in wood go^, but it does not penetrate the 
naphtha. wood deeper than a stain. Obtain 

(8) Aqua regia (nitro-rmiriatic acid), some liquid ammonia of 880° strength 
diluted in 3 parts water, is a much- •(specifle gravity). Arrange that the 
used though rather destructive yellow wood to be tmted be so stacked 
stain. that the ammonia fumes may get to 

(4) Nitric acid gives a fine permanent all the parts or surfaces that need 
yellow, which is converted into dark tinting. The wood must be arranged 
brown by sul^uent application of in a ^k and air-tight room, or in a 
tincture of iodine. aftnn/llr nlnalncv {f in Inrim 

(6) Wash over with a liot concen- 
teaW solution of picric acid, and when 
dry, polish the wood. 

(6) 0*5 oz. nitric acid (aquafortis) 

is compounded with I'f)? oz. rain- floor. The apartment is then closed, . 
water, and the article to l)e stained is and it is best if all cracks have paper 
brushed over with this. Undiluted pasted over them. The ammonia must 
nitric acid gives a brownish-yellow not touch the oak; it is the fumes 
colour. only that do the work, acting on the 

(7) 2'loz. finely-powdered turmeric tannic acid and browming it. The 

are digested for several days in 17 * 5 oz. depth of shade will depend on the tinie 
alcohol 80 per cent, stren^h, and then allowed and the amount of ammonia 
strained through a oloth. This aolu- exposed, but in all cases the colour 
tion is applied to the articles to be goes in deep enough to admit of a thin 
stained. When they have become shaving being removed, if neoesswy, 
entirely dry, they are burnished and without showing the light WOM 
varnished. beneath. 

(8) 1*67 oz. carbonate of potash are ilorifccmrisriAcjrttiufa/rmfo/ Woods.* 

dtelvcd in 4*2 oz. rain-water. This ' ^Make a solution of equal parte of 
solutionispouredoverO'fiSoz.annatto, manganate of soda and crystallised 
and this mixture is allowed to stand Kpsom salts, dissolved in 20 to 26 times 
for 8 days in a warm place, being fre- the bulk of water at about 146° F. 
quently shaken in the meanwhile. It The more water used the lighter the 
is then filtered, and 0'175 oz. spirit of effect, while by lessening the water the 
sal-ammoniac is added to it. The stain tint will be darker. The wood U 
is now ready, and the articles to be simply brushed over with this solution. • 
fftained will acquire a very beautiful 
bright yellow colour by plying them 
in it. 



enough for the wood. The ammonia 
is then poured intooneor more earthen¬ 
ware plates, or dishes, according to the 
size of the room, and placed on the 
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The “ Steam Loop." 

This peculiar device—an arrangement 
of piping really—was introduced with 
the view to ha>’ing condense water 
aufematically delivered into a steam 
boiler, although the water is first 
collected at a point below the boiler 
level. Fig. 130 shows the scheme of 
piping, and will serve to describe its 
action. The boiler will l)e seen on the 
right, a steam supply main Icjvring its 



top as usual. It is supposed in this 
instance that the supply main has to 
drop below the water level, then rise 
to a fair amount of work, so that con¬ 
dense water gathersat B in some volume. 
In the ordinary way it would be dis¬ 
charged by a trap, but in this case the 
steam loop i ^ us^ to carry it back into 
the boiler. It may be here mentioned 
that no check or stop valves are needed 
is the loop to make it act; they are only 
put in when the fitter considers they 
.will serve some special purpose. 

From the point B, where the water 
collects, a connection is made and the 
riser C taken up in the manner shown. 
This riser can ^ any sise from | in. to 
2 is., according to the amount of water 

* to be dealt witL At a required height 
(which will be understood directly), 

• Ibis riser dips down and is connected 

to a larger sued horizontal pipe D. 
If the riser 1| in. mpe, the hori¬ 
zontal could 2^ in. the hori¬ 


zontal a drop-pipe or drop-1^, is carried 
down to boiler and enters below the 
water line. This is all there is of the 
steam loop, merely some 30 ft. of pipe 
and fittings, 

Supposing the pressure in the boiler 
was 20 lb. and the pressure at B 18 lb. 
then the water column in drop leg E 
would rise nearly 5 ft.* to obtain a 
balance of pressure, an equilibrium in 
the loop. The equilibrium, however, 
is constantly being disturb^ by the 
fact tliat steam condenses in the riser 
C and particularly in the horizontal D, 
tending to make a vacuum, and exert¬ 
ing a pull on the contents of the two 
vertical pipes. The pull is equal on 
both pipes, and were tlieir contents 
the same, the apparatus would fail, but 
in one pipe is steam and in the other 
water, and the steam fills the space 
every time, as fast as the condensing 
steam makes the vacancy. 

The consequence of this is that the 
quick fiow of steam up the riser carries 
the condense water with it as a spmy 
or scud, and the action seen through a 
section of glass tube (in the riser of a 
practic^ loop) gave the appearance of 
an irregularrain of water, which, how¬ 
ever, rains upwards inst^ of down¬ 
wards. It simply resolves itself into 
the question as to which of the two 
vertical pipes of the loop can fill the 
horizontal) first whenavacuum occurs, 
and it is found that steam in the riser, 
although carrying water, is much 
quicker than the solid column of water 
in the drop-leg. Of course, once the 
water is in D it trickles down the 
drop-leg to the boiler. 

It is considered wiat D should be of 
reasonably limited length, or should it 
be very long a part had best be covered. 
It is only needed to condense just suffi¬ 
cient steam to giva the lifting effect 
required in the riser. It is also con¬ 
sidered desirable to put the reducing 
fitting of the drop-leg on the horizontal 
side of the elbow so that a certain 
amount of water is trapped along the 
bottom of D; this is done if&tb the 

* The preMore or weight of water In pipea 
Si 2 lb. per sq. In. fer every a fL 4 in. in 
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idea of accelerating condensation of the 
MTiving steam, but it is not i^Ily 
oeceesary. This is not shown in Fig. 
130, only a reducing elbow Ijeing us^ 
so that D drains quite emyty. 

The various valves shown are pn)- 
vided to start the loop workii^ thus. 
When starting, open valve F then turn 
on steam by valve G and keep F open 
until live steam blows through. Now 
close F, open H, and blow through in 
the same manner, then close H. The 
loop is now clear of air and ^ter, and 
contains steam only. By now opening 
J the water will rise up the dn)p-leg 
to its normal height, and the loop 
should work perfectly as long as there 
is steam to work it. (F. Dve.) 


Stereotyping. 

(See afso Allots.) 

I The process of stereotyping is a mod(r< 

! rately simple and cheap means by 
i which a frame or “forme” of type, 
after it has been set up the com- 
j positor, can be exactly reproduced in 
I the form of metal plates. Printing is 
I done from these plates, which plates, 
i when done with, can be melted down 
, for use again. 

I This process serves at least two good 
and economic purposes in printing. 
One is that so soon as the plates are 
made the type is released for further 
use, while the plates may be kept as 
long as requir^ for re-printing, for 
instance, .successive e<litions of a book, 
trade-publication, or the like. The 
second purpose is that, as the plates 
do not cost as much as type, an eco¬ 
nomy is effected when printing large 
editions, as of newspapers, with which 
a set of typo might be b^y worn in 
printing one edition. It may be added 
that most newspaper macUnes now 
carry the type on a cylinder, which 
would be scarcely possible if plates 
were not available. 

There are two methc^ of producing 
stereotype plates, known respectively 
as the Plaster and the Paper processes. 
Both are here described, but for large 
trade purposes, with a few exceptions, 
the Paper process is almost exclusively 
used. 


Paper Process. —The essential 
principles of the paper-mould method 
are as follows: On a pad of soft, pliable 
paper, built up of several thicluiesseB 
of soft paper cemented together by 
paste, a hard impression from a page 
of type is taken, which forms a mould 
producing a face almost equal to the 
type, etc., moulded. The soft pad is 
known to the workman as “ flong ” (a 
oorruption of fian, a thin farinaoeoui 
cake sold in Paris.) It is laid on a 
warm and sl%htly oiled page of type, 
and the back is beaten with a stiff 
brush until the soft pasteboard has 
Q2 
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taken a'peaiect impresaon of the face 
of the type. On the back is now laid 
a piece blanket, the whole is pinched 
in a screw press, the press having been 
previously warmed. The drying of 
the mould may, under such circum¬ 
stances, take fn>m a few minutes to 
half an hour, according to the tem¬ 
perature and the fre(|ucncy with which 
the blanket and other packing is 
ohang^. Being clamped between 
slabs of warm iron, metal is poured 
in, and a cast is obtained, little if at 
all inferior to the or^nai type in 
eharpness. These are the essential 
features of the paper-mould process, 
the most important of all stereotyping 
processes. 

The following details are reprinted 
by permission from the Cantor Lec¬ 
tures delivered by Thomas Bolas, 
F.C.S., F.I.C., before the Royal 
Society' of Arts. 

Working Details of the 
Paper-Momd Process.—The page 
of type, or “ forme,” which is to 
moulded, instead of beii^ locked up 
in the chase surrounded with the 
ordinary wooden furniture, has a 
type-high border about § in. wide 
uound it; but the face of this type- 
high border does not come quite close 
up to the type, there being a space of 
I in. between them. This ty^-high 
torder u ordinarily obtained ly sur¬ 
rounding the forme with strips of 
type-metal called clumps,” or 

Btereo-ciumps,” these clumps being 
type high, and about | in. wide ; but 
a bevel on the edge placed next to the 
type reduces the fa^-width to about 
I in., and gives the clear space of 
about I in. or so between the face of 
the clump imd the type. The object 
of the clumps is to form a level bed 
for the strips of metal-<-<M>inmonly | 
called “gauges”—which determine 
the thickness of the plate. The space 
between the type and the face of the 
clump leaves room for the saw-cut if 
the<.plate is to be trimmed close, or 
for t^e bevel if the plate is to be 
trimmed ^^piounting with catches 
on a metid bl'o^. 


I Now the forme should be planed 
' level, not too t^btly lucked up, and 
' its must slightly but com- 
' pletely oUed, this being done by rub- 
, bing it with a flat brush, not too 
I h^vily cliarged with oil, the hush 
' being about as stiff as an ordinary hat 
' brush. The traditions of the trade 
j ordain that the oil should be the 
i finest olive oil; but, as a matter of 
! fact, neither olive oil nor cotton-seed 
' oil, which is now commonly sold as 
olive oil, is the most suilable, as these 
’ oils—and more especially the ktter— 
are saponified very readily by any tn^ 

' of allmli which may remain on the 
forme. A much more suitable oil is 
the very thin mineral lubricating oil 
which is sold retail at about U. a 
gal. Generally spiking, the forme is 
slightly warm when oiled; if it is 
cold and damp the oiliug is almost 
certain to be unsatisfactory, and the 
mould ma^ adliere to the type. 

Materiala for Flong.—We now 
come to a very important matter: the 
I flong and the material used in its 
, preparation. 

I Paste and Ofue. —First, let us take 
' the paste used to cement the various 
! layers of pap^ tc^ther, and as to 
tl^ mattOT one finds in the usual 
instntctions merely a confusing crowd 
; of recipes without the smallest indi¬ 
cation as to choice between them, 
and some of these recipes order the 
use of materials, the special service 
! of which it is very difficult to conjec- 
I ture. 

I As an adhesive, oi^imry gum (arable 
or acacia gum) is undesirable ; it pmie- 
I trates the substance of the paper, tends 
I to make it unmanageably ha^ and 
brittle when dry, and, weight for 
weight, it gives less adhesion Mtween 
sheet and sheet than is the case vrith 
starch (u* flour paste. Gum is speoiailW 
bad in relation to the fine tissue whiw 
forms the face of the flong, m ji& 
penetrating this it not only tends to 
adhesion with the type, but^here tlM 
gum has penetrated, the fac^ tire cast 
obtained will have a rougher toxture 
than elsewhdte. In addition, gum tt 
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expensive, and, what is perhaps worse, 
very variable in quality. 

Starch paste is a very good adfiesive, 
as its water principally penetrates the 
sheets, leaving the star^ where most 
wanted, and that Bpoi^ness, which is 
a characterbtic of g(^ and useful 
floi^, is retained. 

Gc^ as simple starch paste is, a 
paste made from a moderately glutin¬ 
ous flour, such as wheat flour, is 
better, as the gluten gives the paste 
greater cousistent'y and adh^veness 
without other disadvantages. More¬ 
over, wheat flour paste is easier to 
prepare and to manipulate than starch 
paste, and, if measured 1^ adhesive 
power, is very much cheaper. Be¬ 
sides, it penetrates the pafwr even 
less thati starch paste. Altogether, 
the advantage rests with wheat flour 
paste as the main adhesive. 

Glue (the term includes gelatine 
and sizes) by itself is not a very suit¬ 
able or desirable adhesive to use, as it 
is subject to the same disadvant^e as 
gum arabic as regards penetration of 
the |»per, yet in a lesser degree; but, 
when used in conjunction with suffi¬ 
cient flour i^aste, the pcnetratingquality 
is eliminated, and owing to the setting 
of the glue the flong ac(]uires increased 
sponginess, and also the valuable qual¬ 
ity of being more rapidly compressed 
by the face of the type when the metal 
is warm, as the glue melts and con¬ 
solidate the compressed parts. In 
addition, by the use of glue along with 
flour paste tlie flong b^mes ca{)able 
of holding rather more water without 
becoming flabl^, and where the flong 
is not compress^, it drie more spongy 
than would otherwise be the case. 
There is advantage in using glue with 
the paste, whether the type is to be 
guided cold or warm, but very wipe- 
oal ad>^t^ in the latter case. The 
sort of glue most suitable is the soft 
and degenerate glue sold retail in the 
oilahops at \d. per lb., h^h-priced 
hard glu4h and flne gelatine being very 
much less suitable. Instead of using 
^ue, it saves time to i{>urcbaBe size, 
but care should be taken to use the 


low-priced size, sold as comihon size 
(14 lb. for about Is. in London oil- 
shops), and not the hardei and finer 
size known as “ patent size.” ■ 

We n»y then dismiss all adhesives 
but flour paste and glue; the foroMr 
can be ms^ by itself, but glue by itself 
is not very satisfactory. Ti^etber 
they give the best results, for reasons 
idr^y stated. 

It is desirable to mix some mineral 
matter with the paste, and for this 
use we find, among other additions, 
the following recommended: Whitii^, 
litharge, white lead, kaolin, other clays, 
Paris white, zinc white, baiytes 
white. 

The use of the mineral matter is 
twofold. It makes the compressed 
parts of the mould more liard and 
stony than they would otherwise be, 
and less subject to blister or scale 
during drying or casting, and it makes 
the uncompressed parts of the flong 
more spongy and uniform in texture. 
At the same time it makes the whole 
mould more resistant to heat. 

Of the above, the only very definitely 
objectionable substances are litharge 
and white lead, as, owing to the 
moisture and heat the lead poison is 
specially liable to be absorbed into the 
system of the workmen; and of the 
rest, whiting seems the ^st, its soft¬ 
ness of texture, fineness, and the ease 
with which it is compressed, enabling 
it well to fulfil the double function 
as stated above. In short, not one 
of the above is superior to whiting, 
which, moreover, is cheap, and easy 
to get. 

We now come to the preparation of 
the paste. Into an iron pan put 6 lb. 
whiting and 20 lb. (2 gd.) water. If 
the whiting is allowed remain in the 
water for one to two houre it will be 
found tl^t the lumps have compSetelf 
broken down, and the miring will be 
easy. If, on the other hand, you try 
to mix whiting which has only jurt 
been put in the water, it works into 
oloto and becomes unmanageable. The 
hands form the most oon^uient tools 
for mixing the whiting and water, as 
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alfio for working in the next addition, 
4| lb. wheat flour. 

This being thoroughly incorporated, 
the pan is set for the mixture to boil, it 
being constantly stirred with a wooden 
cdirrer, having a T-shaped head which 
can be kept in motion close to the 
bottom of the pan, and so eliminate all 
chance of burning. As soon as the 
mixture boils add 14 lb. soft size, or 
3| lb. common glue, lO^b. (1 gal. and 
nem'ly | pint) wat^. The glue to be 
Boak^ in the water till quite soft. 

In order to give the paste such quali¬ 
ties as shall ensure the mass keeping 
good for y^rs, 4 oz. ci^tallised phe¬ 
nol (carbolic acid) are now stirred in, 
and all that remains to be done is to 
work the mixture througha sieve having 
about 20 meshes to the linear inch, or 
it may be strained through a piece of 
net. 

Paftr .—Three sorts of paper are 
used in making the floi^. Firet, a 
fine hard tissue paper for the face; 
secondly, blotting paper to form the 
porous b^y; th^y, stout ai^ toi^h 
bowD paper for the back, to give 
strength and to support the blows of 
the luting-brush. It is of very groat 
importance that the tissue paper which 
forms the face of the flong should be 
strong and fine in fibre, uniform in 
texture, and free from holes, all quali¬ 
ties winch add to the expense of a 
paper, and any expenditure which 
secures the above is well bestowed, 
economy on this score being bad policy. 
A tissue which becomes pappy and soft 
when in contact with the paste, or which 
^ows its exudation throi^h holes, may 
cause adhesion between the forme and 
the mould, with the attendant delays 
and disadvantages. The tissue papers 
sold for pottery transfers are generally 
veiTsuitable for stereotypy, andsome 
makers supply a special kind. 

^ As regard the blotting paper, the 
chef^r sorts answer as well as the 
^ore expensive, and 1 do not think the 
lowest priced papers contain irregulari- 
ties or lumps so pronounced as to be 
disadvanta^OuB. 

The brpwn paper for the back of the 


flong should be made of tough, strong 
fibre, free from knots and lumps; 
moreover, it should be soft, and not 
heavily rolled. Such a paper is expen¬ 
sive, costing about id. per lb.; but, as 
in tike case of tissue, it is poor economy 
to use a backing paper of unsuitable 
character. 

To prepare some flong, the materials 
will be:— 

Approxlmi^ 
weight, gr. 

Brown paper (1 sq. ft.). . 200 

Blotting paper, 3 thicknesses 
(3 sq. h.).365 

Tissue paper (1 sq. ft.) . . 25 

580 

Preparing Flong.—The brown 
paper is laid Skt and pasted uniformly 
; hy means of a rather soft, flat brush, 

I the paste being, by preference, slightly 
! warm, on account of the glue it con- 
: tains, although, with the above-men- 
I tionedproportlon8,itiBp(»sible(though 
‘ und^irable) to work it cold. A sheet 
of blotting paper is now lud on, and the 
pasting is repeated over each layor of 
paper, but in the case of the last past¬ 
ing, which holds down the tissue paper, 
only a small quantity should ^ ap- 
pli^, and that as u^ormly as prac¬ 
ticable. A convenient way of laying 
down the tissue paper is to roll it on a 
wooden cylinder, and then to roll it 
j off this on to the pasted surface ; and 
I all through the operetion great care 
! should be taken that no paste comes 
^ in contact with the outside face of the 
I tissue; generally speaking, the wooden 
; roller require wiping after each use. 
Close contact of the several constituent 
; sheets of the floi^ is best ensured 
I laying a clean pap^ over it after each • 
I addition, and rubbing it down with the 
i hand, or with a cloth folded so as to 
I form a pad. Hanl rolling should tte 
I avoided, as it tends to lessen tlu^ 

! spongiuera which is so desirable a 
, quality. 

If the paste has been applied in 
about the r^ht quantity, the sq. ft. of 
flong, the papw ox which weighed about 
580 gr., wi^ when wet and fzwh, 
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weigh about 1400 gr., about 820 gr. of 
this being paste ; in this state it is too 
wet and too soft for conveniAit use, 
but if exp(»ed to theair until something 
like 300 gr. of water have evaporated— 
tiiat is to say, until the sq. H. weighs 
about 1100 gr.—its consistency will 
be right for working. These we^hts 
are given principally in order that 
persons working from directions may 
be able to prepoie a sample which 
shall have a convenient consistency, 
after which the remembrance of 
this sample sliould lie a sufficient 
guide. 

It is desirable to prepare the flong 
in the first instance with excess of 
moisture, and to allow this to evaporate 
sponUneously, as during this process 
of evaporation the paper swells anti 
takes a plasticity and sponginess wliich 
is difficult to obtain in any other way. 
Moreover, the manipulation of making 
the flong is etwior and more satisfactory 
when a soft piste, containing a full pro* 
portion of water, is used. If, how¬ 
ever, one has occasion to prepare a 
piece of flong for immediate use, the 
best way is to employ as little paste 
as practicable. Quite apirt from the 
question of the amount of moisture 
present, it is undesirable to iqake use 
of freshly prepared flong, as it is never 
so homogeneous as that which has been 
kept for some days. It may lie stored 
in a varnished tin tray of the right 
size, a stout plate of zinc being laid on 
the top. Generally speaking, it is 
best to lay the sheets of flong to 
h»ce, as the backs are likely to liave 
been soiled with the paste, and paste 
should be kept from the face. Flong 
prepared with the above-mentioned 
paste will keep any length of time 
without decomposition or mildewitig, 
but it may become partially or com¬ 
pletely dry. This may be remedied 
<7 one or more dippings in water, with 
a full allowance of time for its absorp¬ 
tion. When flong has completely dried 
it is rather a tjx}uble to get it once 
more into good working condition, the 
best way l^ing to dip in cold water, 
pile it in the stori^ tray, and keep | 


I this latter in a warm place, repeating 

I the operations, if nec^sary. 

I Diy flong is an article oi commerce, 
but it is more trouble to get it into 
good working condition than it is to 
start with the plain sheets of pap^, 
It is often recommended to use two 
tliicknesses of tissue {»>per on th^ face 
of the flong, and to interpose tissue 
between the several sheets of blotting- 
paper, but these courses are open to 
objection, and liave no l».laucing ad¬ 
vantage. Two tliicknesses of tissue on 
the face, with paste between, offer no 
greater security against paste reaching 
the type than does one tliickness of 
tissue, and, moreover, for ease and 
rapidity of application, it is desirable 
to make the paste as fluid as pactic- 
able, and also to so work as not to in¬ 
volve the extra care and labour con¬ 
sumed in applying very thin layeia of 
paste, and it is obvious that the larger 
the proportion of thin pawr entering 
into the composition of the flong, so 
much thinner must be the layers of 
paste in order to obtain flong contcuning 
tlie same proportions of paste and 
paper. It takes much longer to spread 
a very thin layer than a moderately 
thick layer of paste. 

Preparing the Formes.—Ease 
and quickness in working are generally 
on the side of moulding small formes 
rather than large, so tlut, when work 
is sent in assemblages of many p^es, 
it is often desirable to re-impose, so as 
to bring down the dimensions to demy 
folio, or thereabout; but wlien large 
pages of close matter, such as news¬ 
paper pages, arc concerned, the stereo- 
typer has no option but to mould the 
formes as received. When several 
pages are imposed tegether for mould¬ 
ing, it is suffident to allow a pica 
(J in.) between them, unless the edges 
are to be bevelled, in which case twipe 
as much space will be required to 
allow for the saw cut and two bevels. 
The type-high clumps, as before stated, 
surround the whole. 

Sometimes the stereotyper, will have 
to clean the forme himself, and in this 
case it should be scrubbed over with a 
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solution of the cheap^t quidity of 
caustic soda in water (1 part so^ to 
about 8 water), well rinsed and dried. 

The forme, clean, dry, oiled and 
is laid on a planed slab of iron, 
or “ beating surface,” heated from 
underneath, the heating being 1:^ gas 
or steam. The beating surface may be, 
and often is, an extension of the bed 
of the drying press (Fig. 131). Tlie 



Fig. 131. 


hand is now lightly passed over the 
face to detect any letter which may 
stand high, and the planer" is 
Inxiught into use if necessary. All is 
now ready for the moulding. Ttdce a 
piece of the dong, dust its surface over 
with powdered French chalk, taking 
care to wipe oiff ^ excess, then lay it 
&ce downwards on the forme, and 
now comes the ^ration of beating. 

Beating*.—TTie brush used for 
beating may vary in shape or weight, 
according to the liabit of the workman, 
but the Inistles must be good and 
. closely jpacked, and the opemtion of 
beating is so similar to that of driving 
in a D^, that any person who is able 
to strike his nail every time in such 
* a way that it shall be sent forward 
and without any tendency sideways, 
• arpl probably make a satisfEictory mould 
t)ie fr«t time; while one in whose 
hand tl^ hammer sways round uncer- 
tainly a^ uncOatroUe^y, hitting the 
nail at 9 orts of angles, and perhaps 


even bending it, will not be very suc¬ 
cessful in making a paper mould from 
the type. In such a case it is perhaps 
better to educate the mind to the con¬ 
ditions necessary for successful ham¬ 
mering, by watching and painstakingly 
learning to drive drapers' pins up to 
the he^ in deal, than to waste nong 
and spoil type. 

The face of the h'ush must fall 
on the back of the flong, very little 
side-driving being sufficient to shift the 
6ong, and spoil the sharpness of the 
mould ; and a good plan is to first beat 
a line right across the p^e, and then 
to extend this first towards one end of 
of the pf^e and then toward the other. 
A damp cloth is sometimes laid over 
the flong in beating, but if the brown 
paper is tough and nervy the cloth is 
not needed, and muclatime is saved by 
not using it—&r more than is equiva¬ 
lent to thediffierenoe in price between 
good and bad paper. Moreover, when 
the cloth is used, it becomes chfficult 
to give such local treatment as is 
necessary on parts where words or 
rules stand almost by themselvM, or 
where there may be a mass of small 
type closely set, to say nothing of the 
special treatment required where en> 
gmvings are included in the forme. 
As a rough guide to the extent to 
which the beating is to be continued, 
it may be stated tliat with flong of the 
I right degree of softness, tlie ^visions 
; between the words set in lung primei* 
j or brevier should show distinctly on 
! the back of the flong. If the flong is 
very soft, the beating must not be 
: continued until these divirions are so 
distinct as with normal flong, and if 
the flong is very hard one will only ob¬ 
tain sufficient relief by m^ing the 
divisions show very clearly. 

The progress of the beating may 
always be seen by steadying the moul4 
with one hand and turning back one 
corner, and the flung should alwa^ be 
so soft that this can be done withput 
struning or stretching the part tur^^. 
I over. Where there are extensive 
I whites in the forme, tlw mould will be 
arched downwards and someauppcrt. 
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IB needed in such places, or the arched 
parts would crush down by the weight 
of metal in the casting-box, and much 
metal would have to be cut away from 
the plate. The usual way is to paste 
the of the and to lay in the 
deep parts a few pieces of paste-board 

of old mould, after which a second 
sheet of Iwown paper is pasted and Imd 
over all. A very gentle beating is now , 
given to the mould, care being taken > 
not to beat tins last paper down into | 
the hollows, as the nuun use of this ' 
sheet is to string or tie the domes and 
hollows formed in the main part of tlio ; 
tiong. ! 

Another way—more employed in 
newspaper offices—is to fill in the 
hollows with whiting, or dry plaster 
of Paris; the pasted sheet of brown 
paper l>eing laid over as before. 

The impret^iou is now sliar{)ened up 
ly planing. The printer’s planer— 
which is a shib of hard wood—is pliKsed 
on the mould and struck several times 
with a mallet. Tliis should be repeated 
several times, moving the planer be- 
tween-times, and care must be taken 
not to sliift or strain the mould side¬ 
ways. Two or three thicknesses of 
blanket, or still better enough blotting 
per to make up about } in. thick, 
ing placed over the mould, the forme 
and mould are pinched up in the dry- I 
ing pniss. ; 

A few words more about the beatii^ 
brush. If the face is not level, or 
should become unlevel by use, it may 
be burned flat by contact witli a plate 
of iron heated to a dull redness, and by 
the same means the edge and comers 
fM^hest from the handle mav 1)6 very 
slightly sloped off, thus making it more 
easy tu give local treatment to any 
Bpecial part of the mouhl. Workmen 
who have skill an<l confidence in the 
use of the brush may strike tolerably 
hard, and they often find it a conveni¬ 
ence to lend the l)rush by fastening a 
{date of lead- to the back. A rolling 
machine, or a vertical pr^, is occa¬ 
sionally used in making the mould, 
but the press and rolling machine are 
of Httle use except in Che case of toler¬ 


ably solid and uniform formes, such as 
the pages of a newspaper. The rolling 
machine for moulding con/ists merely 
of a moving bed with an adjustable 
cylinder over it, bed and cylinder being 
geared together. The machine, how¬ 
ever, is seldom used without the Ixnsh 
being used as an adjunct. Sometimes 
the press or machine is used to set the 
fiong firmly in position on the type, 
the brush being used for finishii^) 
and sometimes the brush is iised firrt, 
and the machine is employed toshfupen 
up the impression, to do what the 
planer does in the process of tnaking a 
mould by hand. 

l^ing the Mould.—A sufficient 
drying of the mould may be effected in 
as short a time as three to four minutes, 
in which case the heat is urged ^most 
{ to the softening point of the type, or 
the beat may be more moderate, so 
the drying takes as much as | hour. 
It may, however, be taken that in the 
ci^ of ordinary commercial stereotyp¬ 
ing some water is invariably left in the 
mould; many hours’ baking at a tem¬ 
perature of 200^ C. being necessuy for 
the removal of the last traces of mois¬ 
ture. So that, when the best possible 
results are required, it is desirable to 
considerably extend the rime allowed 
for drying. 

In ordinary cases—the work not 
being subject to the extreme need of 
liaste which exist in the case of news- 
' papCT stereotyping—the forme will re¬ 
main in the (^i!ig press for ten to fif- 
I teen minutes, during which rime the 
blanket (or covering of blotting paper, 
the case may be) may have been 
changed two or three times: cff if this 
is not done, the press should he undone, 

, and the covering turned over to allow 
the more ready escape of moisture. All 
I this rime the bed of the press may be 
conveniently heated to a temperature 
I of 100°-130®C., the former being about 
the degree of heat obtained if we bed 
forms the top of the steam-chest fed 
with waste or * ‘ exhaust" steam; Imt 
if ‘‘live" steam of about 30 lb. pras- 
Bure is used, tlie temperature wiU be 
something like 130*^ C. 
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To return to the forme and'mould. 
The mould leaves the f(^me at once, 
When any adhesion occurs, something 
is wrong with the work, e.g., tissue 
paper not impervious; excess of paste 
under tissue paper, thus breaking up 
tissue; tissue broken in beating, ^m 
too hard blows or extreme softness of 
flong; mould too deep, so as to fit 
over the shanks of the types, or even 
penetrating l)etween them; paste on 
face of the ilong, from careless making 
or piling; im|)erf<ict oiling of forme, 
or unsuitable oil; alkali or other 
foreign matter on type. 

But a slight tendency to adhere can 
generally com()ated by repeatedly 
lifting the edges of the mould, as far 
as is possible without bending or strain¬ 
ing the mouM, and then letting it 
spring back; at the same time slightly 
loosening the quoins and beating the 
back of the mould with the brush. 
(F4[. 182). In the case of persistent 
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sticking, the only alternative is to heat 
the forme once more and repeatedly 
moisten the back of the mould with 
water. In this case the mould will be 
spoiled. 

The mould, as it comes off the forme, 
is dry to the touch, but ordinarily not 
diy enoi^h to give a good cast, and, 
before drying it further, it is conveni¬ 
ent to trim the e(%es to the outsides 
of the guttera left by the clumps; and 
to paste on to one end a flap of brown 
paper long enough to project 2 in. or 
BO out of the casting-l^x, and, at the 
same time, to allow a head of metal of 
not less than 6 in. For this purpewe, 
a more adhesive paste is required than 
that used for making the fiong. Stiff 
rye flour paste is best. 

The mouM may now be laid on a hot 
surface'to further diy, or, better still, 
it may be baked in a stoam or gas oven, 
heated to aboui the same temperature 


as the moulding press; but in any case 
it should be kept flat by placing over 
it a piece of heavy but small-m^hed 
wire net, and if necessary a weight is 
put upon this. A suitable wire net is 
made with iron wire of No. 16 I.W.G. 
(0* 064 in. diameter), and six meshes to 
tho linear inch, and can bo had from 
firms that furnish millers’ plant. The 
ordinary wire gauze or net sold at the 
hardware shops, liaving six meshes to 
the inch, is made of much thinner 
wire, and is not much used for tho 
present purpose, as it lias not sufficient 
rigidity to keep its sliapc as a skb or 
plate. The wire net sliould lie in con¬ 
tact with the tissue piper side or f^ 
of tho mould, os sliglit indentation on 
this side will do no liarm, whereas any 
indentation on the liack of tlie mould 
will sh(»w on the face of the cast; and 
' when several moulds are piled in the 
' oven for baking, they should be laid 
back to back and face to face, with a 
piece of sheet metal (say stout tinplate) 
rietween the backs, and one of the 
wire-net sheets between the faces. 

Casting.—The baking, or second 
diying, being at an end, we come to 
the casting, and before this is done it 
is a very common practice to brush 
some finely powdered French chalk 
into the mould, and then to dust out 
the excess by turning the mould face 
downwards, and ^ntly beating the 
back with a flat slice of cane. This is 
quite unnecessary if the tnould is very 
dry ; but by the use of French chalk 
the effect of any trace of moisture re¬ 
maining in the mould is minimised, 
and, moreover, the cast separates from 
the mould more easily—a matter of 
some importance when it is wished to 
make several casts in the same mould. 

All is now r&idy for haying the mould 
in the casting-box, the casting-box 
having Ijccu wanned by a gas jet under¬ 
neath, or by casting a few blanks in it. 
Tlie mould is laid upwards, on the 
horizontal slab of the casting-box 
133), the brown {joper flap hangup » 
little over the Up of the box. The 
pica-high gauges are laid along the 
guttere formed d}y the clumps, the top 
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loaf of the box is closed down and i 
clamped by the screw, and the casting* 
box is swm^ on its axis, so as to Ining 
the lips to the top. 



Fta 133. 


When stock sizes have to* be stereo¬ 
typed, it is convenient to use set 
gauges, like Figs. 135 or 136, but in 
other cases it is usual to employ ad¬ 
justable gauges, such as Fig. 134. 


LJ 

FtG. 134. Fio. 135, FlO. 136. 

When the mould is charged with 
^pe-metal, it is necessary, in order to 
obtain a good cast, that the whole of 
the metal inside ihould remain fluid 
until the mould is completely filled 
with metal, as if toy part solidifies 


before the mould is full, the oast is 
sure to show curved streaks where the 
cast has solidified, and the fresh metal 
has not run up so closely as to make a 
sound cast. This is mc»t noticeable at 
the back of the cast, wh^ the casting- 
box exercises the most sudden cdoling 
action on the metal, and the object of 
heatii^ the castii^-box is to dimmish 
the tendeni^ to this sort of thing. 
Heating the casting-box is gener^ly 
insufficient in itself, when the cast is 
large, unless the Wt is raised to 
nearly the melting point of the metal 
—an obviously inconvenient course. 
It u very much more convenient and 
satisfactory to warm the box only 
sightly (say to about 100*^ C.), and to 
cover the face with a non-conducting 
coating, which may be extremely tiiin ; 
in fact, it is sufficient to sponge the 
iron plate over with a veiy thin wash 
of jewellers’ roi^ (finely divided ferric 
oxide, or, practically, much the same 
thing as finely divided iron rust) and 
water, a film of the oxide so thin as to 
be scarcely noticeable serving to re¬ 
tard the solidification of the metal 
during the short time required to fill 
the mould. Although a thin wash of 
jewellers’ rouge is the best coating 
material to employ when very delicate 
castings of type metal are to be made 
in metal moulds (as for example, in 
casting the thinnest “ leads"), a 
tlucker and coarser mixture, made by 
stirring | lb. red ochre into ^ {unt 
water, is often used, this being a^^lied 
with a brush. Loudon stereotypers, 
however, more usually lay a sh^t of 
thin cardboard over the back plate, or a 
sheet of thin paper will be quite as 
efiectual in preventing the chilling of 
the metid; but stereotypers genei^y 
prefer the card, os lasting longer and 
being easier to l^dle. The card, how¬ 
ever, is liable to blister, and so cause 
inequalities in the thickness of the 
platas. In the absence of a metal oast- 
iu^-box, excellent work may be done by 
using two slabs of dry wood, held 
tc^ther by screw clamps. 

All is now ready for the emtiTig of 
the stereotype plate. To asoertian 
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whether the temperature of the metal 
is about right, a strip of card or of old 
mould is immersed in it for a few 
seconds. If the card becomes of a 
medium hown, the heat is right 
(about 320°-330° C.), if it chwe and 
blazons, the temperature is too high ; 
should it merely become yellowish or 
light brown, more heat must be ap> 
plied. When the metal is too hot, it 
can be rapidly bought down by stir¬ 
ring in some cold metal. It is impor¬ 
tant that, when poured, the surface of 
the metal should be clean and free 
scum or oxide, as this might 
lodge in the cavities of the mould and 
render ihecast unsound; and the most 
convenient way of cleaning the surfeice 
is to throw into the pot some powdered 
resin, which melts and so &r a^lome- 
rates the oxide that it can readily be 
removed by skimming with a perforated 
iron spoon. Sufficient metal is now 
taken out of the pot by an iron ladle 
—one iritb a fiat pouring-side (Fig. 137) 

Fio. 137. 

is often used—and the metal is poured 
steadily, but not so quickly as to cause 
splashing, into the mould. Under 
oidinary rircumstances, it makes but 
little difference whether the stream is 
poured against the back plate of the 
casting-box or against the face of the 
mould, although the former is the most 
usual course, and some peraons make a 
pcrat of drawing the ladle along the 
Kps of the mould during tl^ operation 
of casting. 

The metal used for stereotyping is 
much the same as ordinary tyjM metal, 
only, as a rule, the stereotyper is con¬ 
tent wi^ an alloy tendii^ too much 
towuds iH^ess, while of late years 
ty^ founders have been moving in the 
difwtion of harder and harder metal. 
An'^^oy well' suited for ordinary work 
containBper cent, of antimony, the 
remainder being lead; or lead 4 parts, 
antimony 1 paH. /For prepeoing this 


alloy a very safe lead to use is tiie soft 
lead which has formed the linings of 
t^-chests, or if commercial pig le^ is 
used, a soh sample should be selected, 
and this may be sufficiently judged of 
by scratching the surface with the 
finger nail. Hard pigs oft^ contain 
traces of zinc; this metal, which is 
espedally bad in stereotyping iJloys, 
being used in some of the desilverising 
processes, and the last traces are not 
always removed. When, however, the 
liardness of the pig-lead is known to bo 
due to antimony, copj)er, or tin, it may 
be used quite saiely; in fact, hard lead 
then becomes more desirable than soft 
Irad. The lead and antimony ^ing put 
together into the iron mdting pot, 
sufficient heat is applied to melt the 
former, when the antimony gradually 
dissolves in the melted load, forming ah 
alloy which fuses at about 300^ C. 
Le^ meltaat something like 330*^ C.. 
while antimony fuses at 450®C., ore 
low red heat; the stereotype metal 
following the general rule that alloys 
melt at considerably lower tempera¬ 
tures than the mean melting-points ot 
their constituents. Sometimes stereo- 
typers reduce the proportion of anti¬ 
mony so that the alloy only contains 
10 per cent, of the metal, but in this 
case the ‘alloy is noticeably soft, and 
wears badly in printing. A very supe¬ 
rior stereotype metal, which is not only 
hiuxler but more fusible than the above 
mentioned, can be made by melting 
together 3 parts lead, 1 of antimony, 
and 1 of tin. Old mixed type generally 
makes an excellent stereotype metal, 
and will often bear the addition of 
nearly half its weight of lead. T^pe 
metals, like so many alloys, are haider 
when the cooling has b^n very rapid 
than when it hu beeu comparatively 
slow. 

The most positively objectionable 
impurity likely to find its way into the 
stereotyping metal is zinc, this metal 
makiE^; the alloy flow badly, and the - 
hice of the cast rough aj^ patchy,^* 
doubtless by its tendency to separate 
from theoOier metals. It is, titoa- 
fore, importimt to keep watch against' 
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its introduction into the stereotype 
foundiy, and in naielting up old type 
or scraps, any portions which remain 
unmelt^ and ^oat on the aur^e after 
the bulk is fus^ should be skimtoed 
off, as these are likely to contain the 
lighter and less fusible zinc. The 
larger the proportion of lead in the 
stereotype meUl, so much greater is 
' the evil effect of the zinc. Zinc in lead 
or in ty])e metal may removed by 
calcining at a low red heat, the zinc 
oxidising with the first portions of the 
lead; but the same treatment also 
muoves the antimony, or at any rate | 
a considerable proportion of it. The 
tendency of antimony to oxidise is so 
much greater tbin that of the lead, 
tlmt stereotype metal used many times 
becomes softer from the loss of anti* 
'mony. A little arsenic—say 1-2 per 
cent.—increases the fluidity and liard- 
ness of a stereotyping met^. 

Trimming the Plate.—Noytr 
take the stereotyped plate out of the 
box and the usutd tbi^ is to trim it, 

- or cut it up into pages with a circular 
saw, and as the cuttings are carried 
round by the saw, and thrown upwards 
and forwards by the ascending side, it 
is usual to fix a screen (as ^own in 
Fig. 138), to prevent them goii^ into 



the eyes of the operator. The screen 
is ordinarily made of sheet metal, but 
sometimes a neatly fitted and curved 
glan plate is used. Glenendly speaking, 
however, I have preferred to use a 1^ 
the transpm«nt flexible celluloid, 
which can now be readily obtained as 
l^hin as a card, and as transparent as 
glaaa. 

Imtead of a oiroiUar aaw, the tool 


known as a zinc hook (Fig. 189) may 
he used for dividing the plato. A 
metal straight-e^ is used as a guide, 
and the cutting ^ge of the zinc hook 
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is drawn along it a sufficient number * 
of times to ploi^h a groove half 
tlirough the plate, when it becomes 
easy to break it. 

For trimming the edges, a hemd 
plane is ordinarily used in conjunction 
with a sliooting board, the ordinary 
wooden shooting board and jack-plane 
of the joiner answering the purpose 
very weU. Fig. 140 rejiresente an iron 



shooting board and iron plane specially 
made for st^^otypers’ use, a second 
plane being provided for bevelling. 
When the trimming planes are driven 
by power, the arrai^ment is generally 
Butotantially similar, the plane moving 
to and fro on a guide, w^e the plate 
to be trimmed is fed up against it, 
although sometimes a revolving cut¬ 
ter is used instead of a plane. 

Thin stereotypes, cast pica-high for 
mounting on blocks, ought not to re¬ 
quire planing at the hack po^vided 
that reasonable attention is devoted to 
matters which influence thrir tluric- 
ness and truth, such as the flatness of 
the slabs of the casti^-box, the 
accuracy and right pladng of the 
gau^, the keeping of the mould ^ 
while drying, and toe proper condition 
of the cardboard covering the htdk 
slab of toe casting-box. It is easy to 
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cast plates so true as to require no tool for cutting stereotype metal will 
planing, indeed, so true that the ar- not work efficiently at a much less 
rangement ordinarily used for planing, i speed than 12 ft. per second between 
or rather scraping, the backs of thm it and the metal. In qrdin^ cases, 
stereotypes would make them worse, the cut is clean and easy wi^ such a 
not^tter. This arrangement is a speed, and an angle of fiO'' on the 
lrtn<^ of drawbench in which the plate approaching side, and 16® is a good 
is slowly forced under a stout knife | angle for cutting edge, leaving an 
placed almost verti(»lly, and one form ■ angle of relief of 15®. When a cutting 
of it is represented by ]^. 141. ! tool rapidly removes small shaving cd 
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The travelling part is one with the stereotype metal-^ in the case of a 
two racks, while the double gearing : drcuhur saw or rotary cutter~-there is 
and arrangement for reversing by a tendency for the clean particles of 
shifting the strap from the middle metal to weld together, and aim for 
pulley—‘Which is idle—-to the right or some of them to weld upon the cleui 
left, aooording as one wants iDackvwd surface of the work, thus making it 
or forward motion, will be obvious to rough, but a minute film of thin 
anyone who has given attention to mineral lulnicating prevents the 
maohmeiy. The slow heavy cut, with tendency to welding, and it is gene- 
aou^at right angles to the plate, rally sufficient toallow a brush chu|^ 
is eesentiajly’ wrong, and tends to drag with the oil to very lightly play 
the <»t of shape, and, unless care against the cutter or t& work, aocord- 
is t^en, wHl som^mes lift it from ing to circumstances. The free um 
the bed tlie machine. A machine of oU on stereotypes is objectionable 
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for obvious reasons. For heavy work, , ness with difference in the degree of 
water containing a little soap is more <lryness, the plates are either cast 
efficient, but it must be used freely, type^high in the first instance, or are 
The above remarks as to the relation mounted upon some firm foundation 
of stereotype metal to cutting tools not subjec^t to considerable variationB 
apply more especially to the ordinaiy of thickness. •• 

and rather soft alloys. But a planing Casting the plates type-high is a 
machine witli a revolving cutter like common practice for ephemeral work, 
tliat used for tliickuessing floor b(^rdfi as in that case the plates can >>6 melted 
might always be used for the backs of as soon as done witli; but it is the 
steiWitypos when planing is required, usual practice not to cast the plate 
Hountiog:.—In most cases — at quite solid, a number of hollow spaces 
any rate for jobbing work—the stereo- at the bottom, generally arched or 
tyjie plates are bi^ught up to type domed, serving to lighten the plate, 
height by being muled or screwed Any person with elementary notions 
down on mahogany boanls, these of lumdiciaft can devise for himself 
being, roughly sjieakiiig, | in. high ; r^y means of making cores for plac- 
and, from the printer's point of view, ing in the casting-box so as to produce 
it is very desirable that the thickness the required cavities, and several 
of the whole sliould exactly equal the ingenious forms of adjustable core are 
height of the type, a matter which now made, among which may be 
limy verj' well lie gauged by a sort of specially mentioned that in wMch a 
bridge (Fig. 142), under which the < set of core-bars of graduated sizes 

enables one to readily cast type- 
high blocks to any required 
width. For very small blocks 
it is more convenient to cast 
solid, ami if reasonable care is 
taken the blocks may be cast 
so accurately to type-lraight that 
planing at tlie back become 
Fig. 142. quite uunecessaiy, and the sides 

may readily be squared up with 
mounted stereotype can be just passed the hand plane, or sometimes it is 
if it is the right height. Wood blocks more convenient to cast small metal 
expand when exposed to (kmp, and mounting-blocks, and to solder the 
contract when they diy, and oonse- thin stereotypes upon these, 
quently they vary from time to time; Metal mounting-blocks, upon which 
so printers, when using wood-mounted bevel-ed^ stereotype plates are held 
stereotypes, would save time by pass- by catches placed round the edges, are 
ing them one at a time, and face down- on the market in various forms, much 
wards, under such a bridge set to type cleverness being sometimes noticeable 
height. The low places can then be in the devices for enabling the printer 
readily brought up with paper patches to buUd up any required size of 
in far less time than when n^e up mounting-block out of stock sizes, 
in the chase. As a matter of fact, Fisisliing.—It very often happens 

stereotypers very seldom send out the that the stereotype requires some work 
blo^ too high, as the printer finds it done upon its foce, such as cutting 
much easier to pai^ up than to plane away the pmie corresponding to large 
off. ' white suriaces, raising low parts or 

prin ting •from stereotype plates be- '‘sinks,” co'solderin^inlettersoreleo- 
comee much more easy and certain if, trotypes. For ohip|ang away extended 
of being mount^ upon mate- whit^ a very convenient tool is the 
rad which, like wood, vuries in thick- carpenters’ gouge, driven by a lather 
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light mallet, an assortment of four or may be brought up by laying the plate 
five gouges, the narrowest about face down on a planed iron surface (a 

across, being ample. When chi^^ing Bh*tet of paper being interposed if this 
away the metal with gouge and mallet, is thought necessary), and hammering 
it is desirable to place the stereotype i onthclwkwithabrc^androuiKl-faced 
0 ]^a planed iron surface, provided with I hammer, such as that used by ahoe- 
a transverse bar against which it can I makere for l)eating out leatlier; a little 
rest, the iron shooting board (Fig. paper packing being then pasted on 
140) bring convenient for tliis purpose. | the back to 8up[)ort the hollow. In 
For working in narrow pUu^, and i boktii^ down the “siuk,” care must 
close up to the type face, a “ firmer ” | be taken to strike in the midiUe of the 
chisel of suitable width nmy be used, j place rather tliau at tlie ojlges, and to 
or a scraper shaped like Fig. U3, and ! strike the fewest blows tlwt will do the 
one angle of the scraper may advanta- , work, otlierwise tlie plate may be dis- 
geously be ground on the edge of the tortetl so much as to render it usel^M. 
grindstone, so as to shape it into a In the case of the thick curved stereo- 
chisel-like tongue about ^-in. wide, or , types used for newspaper work on 
a special tool, like Fig. 144 may be ! rotary machine, the machine-minder 
used for scraping between the lines. I will often up a low line * by 

Sometimes a routing-out machine is ' driving a c^el obliquely into the 
used, in which a conical dome-sliaped ; metal above it and below it. 
revolving cutter, provided with uni- j Repairing Plates.—Cutting out 

versal movements, is brought down on a false letter and soldering in a type 
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the plate; but, in onlintuy cases, rojuires some care and watchfulness, 
there is little or no saving of time by but it is very easily done. The stereo- 
U»e use such a macUne. When type is clamped face upwMris on the 
ihen is a ^'sink *’ on the face the punching-out slab (Fig. 146), and with 
stsiwotype—this being generally a re-' the line containing the false letter im* 
•ntt ap iirolimg of the mould "—it Aap, ftom dlrtortlom of «!,• 

' ‘ mould during urylug, or 1^ carelMS clami^ag 

* Ifiy krise ftsa dlierap of netat or other up io the casting-box. 
fbrekn body suder the flong, penetration of •The atandins Unea in sewqi^paa 
Uqw n^f thnragb a bok in the flong, m-tbe 1 pariodieala are oRen low to ’>aiier. ^ ^ 



241 


Stbeeotypinq : 

mediately in front of the bridge. The 
adjustable part of the bed, shown at 
the left of the diagram, being now set 
80 as to leave a gap exactly under the 
line, the chisel (^. 146) is used to 
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make an indentation round the letter, 
at any rate on those sides where access 
can be had, the chisel being place<l with 
the unbevelled side next the letter to 
be removed, wid lieing held vertically. 
A punch like one of those shown in 
Fig. 147, and of the right size for the 
letter to be removed, is now held 
firmly atop of the letter, and is driven 
through the plate by a hammer. Any 
metal driven beyond the plane of the 
back may now be cut off with a sharp 
ohisel; and if any indentation of the 
face round about the hole is visible, it 
can be dealt with as recommended in 
the case of a' ‘ sink." The hole is now 
trimmed by means of a rectangular file, * 

* Files of rectangular aet^ion down to a 
■qoare file about ^ m. across can be obtained 
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to the bare size of the type to be 
inserted, and the type, aft^ having 
been scraped clean on the sid^, is in¬ 
serted from the back. The face of the 
letter having been adjusted to its exact 
position and level, the stercotypeais 
laid face downward on the punching- 
out slab, no paper l»emg interpos^ 
between them. A little powdered 
resin is dusted on, and, >vith a rather 
fine-pointed soldering bit, a trace of 
solder is applied at two opposite points 
of the join. The shank of the type is 
then nipperl or broken off, and the 
place is filed or scraped level. Some¬ 
times a skilleil workman will put a 
patch of solder over a false letter, and 
out of this engrave the required charac¬ 
ter, but such a method of working is 
more usually adopted when a dot or 
the tail of a letter is broken off and 
must be replaced. 

The soldering is very easy if a few 
points are attended to. The copper 
bit being heated to a heat a little 
under redness, is rapidly cleaned about 
the point with a file and quickly dipped 
into an acid solution of chloride of 
zinc,* and then rubbed on a stick of 
soft solder which itself has been 
moistened with the same solution ; it 
thus becomes well amalgamated with 
the solder, or is “ tinned," to use the 
expression of the workshop. To keep 
the soldering bit in a go<^ condition 
its tip may be rapidly dipped in the 
mn<I chloride of zinc solution after each 
heating, and being then charged with 
solder it is ready for use on the stereo¬ 
type plate, and if the part to be sol¬ 
dered is sprinkled over with powdered 
resin tliis will be sufficient protection, 
and the small drop of solder carried up 
I on the tip of the bit will unite and 
flow readily. The acid chloride of 
zinc solution should not be applied to 
the type metal, as it rather corrodes it 
than protects it. 

When much soldering has to be 

at watebmakers’ toateiial sbopsof Clerkatwell 
or 8obo. ' 

* Commercial bydro^cnc acid saturated 
with zisc, and wben potmd off from the excess 
of metal, is mixed witb one quarter Its bulk 
of bydroraloric acid. 

B 
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done, as, lor example, if electrotypes of 
wood-cuts are to be soldered into stereo¬ 
type plates, a soldering bit, heated by 
a small gas blowpipe, is a great conve¬ 
nience and saving of time, and the de- 
viberepresented in Fig. HSisaspeciaily 
convenient one for the stereotyper. 



and the instrument itself can easily be 
coiutructed by any all-round mechanic. 
The tubes l^ing gas and air respec¬ 
tively (the air being conveniently sup- 
plie4 by a foot bellows) are shown first 
paaring through a wooden handle and 
thence into the cylindrical head of the 
apparatus, where Ib fitted a small 
Herapath’s blowpipe, the fiame of 
which plays upon the small copper Ut 
held, as shown, by two lugs extending 
from the cylindrical head. A cock is 
placed on the gas-pipe just over the 
handle, and where it can be operated 
ly the thumb of the r^ht hand, while 
crutch shown on the figure forms a 
convenient support for the blowpipe 
when not in use. 

Altho\^h very little care and atten- 
tumon thepartof the workman mllen- 
aUe iuin to use the ordiruuy soft solder 
of the tinman without fear of melting 
th# adjacent parts of thb plate, there 
if* oases v^here it may be desirabls to 
(os-aiiMffefurible solder, in which case 
Wood's cadmium fblder may be em- 
l^yed. It m^te'at a tempemture 
cons^eAiably under that of ordinary 


solder, works nearly as easily, and is 
quite as strong. It is prepared by 
melting together cadmium 2 pu1)s, tin 
4 parts, le^ 2 parte. 

An alloy of buouuth 2 parte, tin 1 
part, and lead 1 part, forms a solder 
easy to use, moderately strong, and 
melting below the boiHng-point of 
water. When fibres have to be altered 
several times this solder is convenient 
to use, as those firat soldered in can be 
readily removed by immersing the 
plate in boiling water, or heating it till, 
when touched with a wet finger, one 
can just feel steam formed, then giving 
the figure a slight tap to drive it out. 

Casting Curved Platd8.~-In 
stereotyping for newspaper work, 
everything is carefully studied to attain 
spe^, especially in the case of the 
evening papers, and it becomes p(»sible 
to mould a page and cast a plate in 
about ten minutes. In such cases, the 
plates are cast cur\’ed, so as to fit the 
cylinder of the machine used. 

Two workmen beat the fiong to makq 
the mould ; a rolling press being often 
used to finish the moulding. There 
is generally very little packing of the 
whites to be done, so it suffices to 
sprinkle a little whiting upon the back 
of the mould, and ^rape it into the 
hollows' with a straignt-e%e, after 
which the final thickness of brown 
paper is pasted on, and the forme is 
run under a hot press to dry, the heat 
being as great as can be ventured upon 
without damage to the type. In two 
to three minutes the mould is removed, 
finally dried on a hot surfece for another 
simikr period, is dusted with French 
chalk, and is then placed in a curved 
casting-box (Fig. 149), the metal being 
poured in at the side of the page, while 
m the older pattern of curved casting- 
box it was poured in at the top. The 
metal is poured from a lar^ three 
handled l^e, like that used in inm 
foundri^. The trimming of the cast 
is generally done while it is warm, and- 
by slow-moving tools, as chips rapidly 
removed from the hot met^ are more 
likely to weld ^on the fresldy-cut sur¬ 
face than is the case with cold metal. 



a revolving cutter were used, and were 
fed with slightly soapy water by a 
series of conduits in the cutter-lMr, it 
is quite likely some economy of time 
would be effected. Soap, like oil, soils 
the surface of the type metal suffi- 
dently to prevent welding. 

A common form of apparatus for 
. taimming and bevellir^ the edges of 
curved stereotypes is that shown in 
1^. 151, the pkte being clamped down 
on a suitable saddle, and trimmed hv 
adjustable knives, the holders of which 
are moved backwards and forwards by 
hand. Another trimming machine is 
represented by Fig. 152.. In this case 
we have a revolving cutter, and the 



Fig. 162. 


Bendiog Plates. ~ Occasionally 
plates intended for printihg on rotary 
machine are cast flat and after^rerds 
bent to the required curve, and there 
are two method of doing this. In one 
case ihe plate, previously warmed, is 
forced down into a curved die by a sort 
of platen formed of stiff leaves iff 
spring steel, but when the same 
machine is intended to bend to smy 
B 2 
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curve, ft bed piece, similftrly formed of 
plates of spring stral, must be laid over 
the die. In the other case the stereo¬ 
type k laid between steel plates thin 
enough to s^ning, and is rolled several 
tiines through a set of three rollers, 
one of which is adjustable so as to give 
the required set. 

In either case it is necessaiy to place 
paper or a blanket between the face of 
the stereotype and the steel plate, and 
the results of the bending are seldom 
quite satisfactory, unless the plate to 
^ bent is fairly solid, as in the case of 
an ordinary newspaper page, any ex¬ 
tended whites interfering with the 
r^ularity of the bending. In the case 
of electrotype, which are ordinarily 
backed up with a softer metal, the 
bending is easier, and electrotyp>e8 are 
often l»nt that they may be soldered 
into curved plates for illustrated news- 
pap^ wwk. 

wood lEounts and Heat.— 

The work of the newspaper stereo- 
typer is very seriously interfered with 
if any wood-mounted blocksare inserted 
in the forme he has to mould, the heat 
passing so much more slowly through 
wood than throi^h metal as to make it 
idmost a matter of certainty that the 
mould will be less dry when over such 
blocks; this being not only calculated 
to ^ve a rough face to the lines, but 
also to lead to a distortion of the face 
of the nmuld in the second drying. 
This evil is especially apparent in the 
case of the zinc process blocks, which 
are m»ie very thin, and are com^ 
quently mounted on an extra thick 
block of wood. The Be{»arate moulding 
of the blocks and casting type high, or 
the mounting of them upon solid metal 
bases, is so easy that there is scarcely 
an excuse for being so unfair to the 
workman as to send p^es containing 
wood-mounted blocks when a stereo¬ 
type is required in a minimum of 
time. * 

Probably the interfering influence of 
tiui v^ood mount is largely responsible 
for the tradition that the paper process 
Is unsuited £or the reproduction of the 
finest engraved work, but if all or most 


reasonable precautions * are taken to 
ensure the very b^ results, stereotypes 
can be made by the paper proc^ 
wliich are equal in fineness of surface 
and definition to the best electrotypes, 
and 8U))erior in durability to many 
of the very thin shells of copper on a 
ba^ of very soft metal, wMch pass 
nowadays. The paper process is, 
however, very ill adapted for mouldii^; 
direct from wood cuts, owing to the 
action of the heat and moisture on the 
wood; and it is seldom employed for 
tlxis purpose unless in the case of very 
small blocks, or when time necessitates 
it. The stereotype by the paper pro¬ 
cess LB, when at its best, smooth, 
brilliant, and lustrous on the fate, 
where the metal takes the impress of 
the compressed and tuu'dened matrix ; 
while the low parts, which are cast in 
contact with the spongy part of the 
mould, are always rough and often un¬ 
sound in the sense of being permeated 
by holes and faults. The depths are 
nicely rounded and thesquareshoulders 
of the type-shanks show not at all, or 
only faintly. 

Moisture in the Mould.—In 

all ordinary stereotyping work some 
moisture remains in the mould. It is 
possible to make a fairly sharp cast 
in a mould which is quite wet. By 
using a fusible metal (1 part cadmium,# 
2 tin, 4 lead, and 7 bismuth), which 
melts considerably under the boiling 
point of water—say between 60° and 
70° C.—a very fairly good cast is ob¬ 
tained, the heat not being sufficient to 
convert the water into steam. This 
experiment is interesting, not only as 
showing a possible means of rnaJemg a 
stereotype in a shorter period than the 
usual time—althoi^h the high price 
of Usmuth tends to put it outside 

* Soch as clean and evenly bot sUglitly 
oiled original; well united, thorongbly eeasone^ 
and rather dry flong; drying thoroughly In ^ 
press with occasional tightening np; long 
baking of the mould; non-useof mo<mcbaik} 
a suitable hard metal—say tbe tin alloy men¬ 
tioned—and this at as fa^h a temperatore is 
the mould win bear; and a cunalderalda 
" head " and ma^o of metol in casting, the 
margin being of the hill thicknen of the 
gauges. 
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practical work—but also as illustrati^ 
a point of some importance, that, in 
the case of a mould not very thoroi^hly 
dried, the best result is obtained with 
the metal at as low a temperature as 
practicable, whereas in the case of a 
mould for a long time, the hotter 
the metal is, the better the result, 
provided it just stops short of bumii^ 
the paper; so it is po^ible to Imve 
failures either from the metal being 
too liot or too cold. The use of French 
chalk on the face of the mould tends 
to minimise the mischief resulting from 
traces of moisture in the mould, but 
as it invariably makes the feice of the 
cast a little rough, it should only be 
used when needed. Another use of 
French chalk is when numerous casts 
are required from the same mould, as 
it tends b) prevent adhesion between 
the cast and the mould. When a 
large numl^er of oists are required from 
one mould, other precautions to be 
observed are to use a well-cemented 
and ripened which is not too 
soft, to avoid making the mould too 
deep, and to beat with numerous gentle 
blows, rather than with a smaller 
number of heavy blows,this tends 
to ^ve a mould in which the depths 
are nicely rounded off, and do not 
follow the nearly vertied side^ of the 
type face. Again, patches of old mould, 
or pieces of thin sheet metaj, may be 
laid in the more considerable depths 
of the forme, so as to support the 
flong where subject to the greatest 
str^. Some stereotypers do this in 
the case of most ordinary work, while 
those who Irave a difficulty in beating 
the flong without shifting it, do the 
same in the case of all very open 
formes. 

Izuertisg Blocks (Half-tone 
or Electro) in Stereo Plates.— 
Tim half-tone, during mouldu^, is 
to be left on its mount—the mould 
being done as &t as the drying. Lay 
the half-tone in its proper position, 
and place on it pieces of wood the size 
of the block or corresponding to the 
pinholes; then paste them on the 
plate. The wood must of course be of 


the correct thicknera to be held firmly 
between the lid and the mould. Care 
must be taken not to buckle the 
mould by using too much pressure— 
only enough to hold the pieces in place, 
and tlius to stand the weight of m%tal 
in the pouring. It will be found, 
when cast, that the shrinkage of the 
metal hol^ the wood firmly. Fasten 
I the half-tone plate on the wood in the 
I uKUiil way. In the case of electros, 

I insert dummy platos in the moulds, 
and afterwards replace ly the electrxrs. 

Stereotyping Half-Tone 
Blocks and Type combined.— 

If the blocks are not too fine, good re¬ 
sults can be obtained. The flung must 
be of the best, with a blotting back 
and a fine face paper, it must be free 
from grit, have no creasing in the re¬ 
spective layers, and French chalk must 
not be us^. Make the zinco higher 
with very hard thick coid—this pre¬ 
vents shrink^ of the wood mount, 
which is fatal to success. 

Stereotyping from lEized 
Type and Wood.—Produce a strong 
adhesive flong by adding a little more 
glue, and take extra care in applying 
the &ce papers. This flong must not 
be new, and should be fidrly diy. 
Thoroughly clean the wood portions, 

M any ink, etc., left on surf^ or in 
cracks will come out under the heat 
and ruin the mould. Oil as usual, but 
use sparingly on the wood. Beat flong 
as usual. Qet casting box very hot, 
the lid to be same temperature as the 
bottom, which prevents the steam 
from flong being condensed and filing 
back on the mould. Ail blankets to 
be well dried—when flong has hardened, 
take the first blanket away and replace 
by a hot one. The mould can be lifted 
{dter applying a third blanket, and 
slowly dri^ on the casting box. 

Bookbinder’s Stereotypes.— 
For gold letter blocking bookbinders 
frequently require a go^ stereo. A 
harder metal is requi^, such as that 
produced by type metal without the * 
admixture of let^. As this chills 
rapidly, keep the casting box hotter 
than for stereotyping, using an 



246 Sterbottpot : Damage to Type, Stereo Metal. 


extra brown paper sheet at back of 
mould, sufficiently long to reach the 
bottom, and this will keep metal fluid. 
The mould must be dry, not too deep, 
and the metal pimred in at a gu^ 
he^t. In order that the cast may 
properly set, take care the lid is not 
lifted tw soon. 

Notes on mounting.—A drill of 
the right size should be used for mak- 
iim; screw and pin holes. Holes should 
not be punched through hard plates. 
When mounting on wood, note the 
run of the grain, in order tliat easy 
planing all round may be ensured. 
Obtain exact right angles by the use of 
the square-edge. Be sure that the 
knife of the plane is set at the proper 
angle to its b^—test it on spare pieces 
of wood, gradually altering the blade 
to suit. When squMing the mouute<l 
plate, start with the straight way of 
the grain at the longest side, making 
one sweeping cut with the plane; long, 
clean shaves prevent unevenness and 
irregularity, and save much trouble in 
printii^;, such as lifting of spac^, etc. 

Damage to Type.—The question 
of damage to type during the process 
of stereotyping is one of some import¬ 
ance, and it mainly steps in when a 
high temperature is employed for dry¬ 
ing. If the forme is very tightly 
locked up in the chase it may, in ex¬ 
panding and softening under tlm heat, 
become elongated, w^e, on the other 
hand, it may become shortened by the 
pressure of the drying press. These 
two circumstances tend to make a 
newspaper fount become of unequal 
height, and the fount is rendered 
useless. 

Let the formes be locked with only 
a moderate force, sufficient to secure 
safe lifting. With the enormous power 
at the operator’s command, only a 
slight turn of the wrench produces 
enough pr^ure on the type to secure 
this end—which may be verified by ex- 
periment^nd then loosen theform^ 
as'soon as they are placed on the hot 
stereotyping bed, so as to allow for 
expulsion. Wiben possible, lifting the 
formes at all should bedispousod with: 


Uiey should be imp(»ed and then slid 
along on a continuous bed or imposing 
surf^e right on to the moulding bed, 
so as to avoid all possibility of accident. 
With such convenience at command, 
there would be no necessity at all for 
excessively powerftil lockii^ apparatus, 
and the ordinary wooden quoin and 
sidestick would be found sufficient. 
We strongly advocate the insertion of 
wood furniture—say about two-line 
pieareglet—between the long side-stick 
and the type; for, in case of undue 
expansion of the typo in the process of 
moulding for stereotyping, the wood 
would give way before the metal type, 
and the latter would therefore be pre- 
seiwed. 

Stereo flieted. — Good metaJ 
should show, when fractured, bright 
crystalline e<igeB. This indicates the 
presence of antimony, a most important 
constituent, giving hardness and 
sharpness to the cast. Stereo metal 
can be obtained ready uuule; but 
a good metal can be made from old 
type and lead ti*om liningsof tea-chests. 
Frequent melting causes brittlen^ of 
metal, which is rectified by moderate 
dilution with tea lead. For cleansing 
metal, it should be brotq;bt to a heat 
sufficiently high to scorch to a deep 
brown, ‘but not bum, a piece of thick 
paper when dipped into it. The mill 
should tlien be constantly stirred with 
the skimmer. A flux, consisting of a 
small quantity of crystals of borax, in 
stout brown paper, should be immersed, 
and s(X)n after a little resin tiirown in; 
well stir, and remove scum. The 
metal should then show a bright silvery 
surface, and be ready for costing. 

Storing Moulds.-^lt is some¬ 
times desirable to mould work in case 
of a future demand.. Now it is a veiy 
easy and inexpensive thing to mould 
form^ immediately they come from 
the machine, and to keep the moulds 
in case of future need. T^e the 
formes of a 16-page publication ; a set 
of light metal fremes flt in the gutters 
so as to bring these up to the level ed 
the face of the type. The pieces of 
fiong—each corresponding to a jMge, 
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with the necessary margin—may he 
rather over-dry than moist; with them 
you can mould a page at a time, and 
not many seconds are required for 
moulding page, while as each 
mould is made it is lifted off and set 
aside. The formes need not even be 
washed, as the remaining ink does no 
harm in this uise; and the moulds 
being removed at once, there would be 
but little risk of mlliesion, even if there 
were not a trace of ink on the type. 
The damp moulds are now laid between 
quires of rough paper, tliis being suffi¬ 
cient to keep them flat during the time 
of drying, which may Ije several days. 
When diy, they are stored away in 
bundles. In casting from one of these 
moulds a few pieces of old mould are 
pasted into the hollows at the liack, 
and the brown pa{)er flap is pasted as 
usual on tliat edge which is to lie the 
top, but the extra thickness of brown 
paper at the btick is (lis|)enBeil with. 
In some newspaper offices it is the 
practice to take tlic uioulds off some of 
the earlier j«ges vv hile wet, and dry 
them separately. When the mould is 
removed wet, there is a coutnwtion of 
about f linear. 

Plaster Process.—In this, the 
older but now' used process, the 
moulds are formed of plaster of Paris. 
By this method the castings produced 
Imve much slmriwr and deeper out¬ 
lines ; on the otlier hand, the mould 
{i^uces one casting only, the opera¬ 
tion occupies a longer time, aud 
requires a large and expensive plant. 

The metal-pot, of a 
convenient sisse for immersing the 
dipping jians, is best fixed against a 
ww, to faciHtete handling the pans 
by mams of a crane. The oven for 
baking the mould may adjoin the 
melting pot, and be fitted with several 
shelves. A good arrangement is an 
ordinary low brick furnace surmounted 
by a square oveu about 3 ft. wide and 
4 to 5 ft. high, bricked in, and having 
the furnace flue carried round the back 
and sides. The door covers the whole 
front of the oven, and an iron shelf 
to 10 in. wide is fixed beneath it on 


a level writh the bottom shelf, for con¬ 
venience in sliding the articles in and 
out. The floor of the oven should be 
reserved for beating pans and plates 
before casting, and never for baking 
the plaster moulds, its its temperature 
is unequal, and would cause uneven 
shrinkage and consequent destruction 
of tlie mould. 

The plates are cast in dipping i>an8 
(Fig. 153), 3 to 4 in. deep, oblong, 
and wth sloping side^, on which are 



sockets a to admit the clamps which 
the j)an8 are swung from the crane. 
The cover b may be flat or slightly 
. domed, the comers e being cut off to 
admit the metal. The lid is held in 
place by the screw d and the hinged 
clamp e. The floating plate, of f-in. 
iron, flte loosely into the dipping pan. 

The trough lor cooling the dl|^ng 
pan and its contents is placed wside 
the metal-pot, m a posirion to admit 
of the ‘crane easily depositing its 
chaige. It should be about 4 ft. long 
and 2 ft. wdde, and stand slightly 
below the toi> of the metal-pot; four 
iron bars, | in. thidc and 2 in. wide, 

; are fixed across, sufficiently near each 
I other to allow of two dipping pans 
being placed on them at one time. A 
few pieces of tliick flannel, or similar , 
substance, secured round the bars will 
i admit of the moisture being commu¬ 
nicated gradually to the hot (lan, 
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Some molten metal frequently fcfclls | 
into the trough from the cornera of | 
the dipinng pan during suspension, | 
and from the ladle wluie filling; the 
trough should be cleaned up at 
intervals, and the cleanings tl^wn 
into the metal-pot, but not while the 
metal contained in it is heated. A 
good plan is to sweep the foundry and 
clean out the cooling trough every 
night, and to transfer the sweepings 
to the metal-pot, ready for mellii^ 
on the following morning. 

The plaster matrix is taken from the 
forme in a moulding frame, which in 
app^u^nce bears a close resemblance to 
an ordinary cha>se ; but the four sides 
facing the type are l^evelled inwards, 
so that when the plaster hardens it is 
equally supported on all sides. 

The formes are placed for moulding 1 
on an iron surface fixed against a wall. | 
It should be long enough for several 
moulds to be prepared in immediate 
succession. The iron surface may be 
replaced a slab of stereo metal, 

1 in. riiick, well planed on the surface, 
and arranged ^ong an ordinary wooden 
bftik ; in this latter case, the surface 
of the c^b should be frequently 
examined to ascertain wheth^ there 
are any indentations, which would 
necessitate their being either replaned 
or discarded, as the type might sink 
into the cavities when planed down, 
and render the mould imperfect. 

The dipping pan, after cooling, is 
placed on a block 4 ft. high and 3 ft. 
wide, where the mould is knocked i 
out of the pan, the comers of the ; 
cast are det^hed by the mallet, and | 
the plate is thus set free. i 

Brushes are needed for cle&ning the | 
type, removing the plaster from the | 
surf^, and oiling; small steel | 
straight-edges, for t^ing off the i 
superfluous plaster from the back of ! 
the newly-i^e mould; chisels, for ! 
msing the moulding frames from the 
forom, and releasing the plate from 
metal ^ a sfrong barrel, with lid, 
for thb storage of plaster in a 
place; and several tin cans for mixing 
the composition. 


Proving the MeUd. — Several 
recipes for the composition of alloys 
for casting stereotype plates will be 
found under the hewing of “ Alloys ” 
(Volume I.) In general terms it con¬ 
sists of lead with about 12 to 18 per 
cent, of antimony added to produce 
the Decenary degree of liardness. It 
may be bought in blocks ready for 
use, which is the better plan in all 
but large establishments, as some skill 
is required to ensure making a good 
quality of metal, and without that 
quality satisfactory work is impossible. 
The furnace and pot fur melting the 
metals and making the alloy, as well 
as for heating the metal r^y for 
casting, should be completely encased 
in a hood of sheet iron, with a flue 
leading from the top, which flue may 
be utilised for conveying a certain 
amount of heat to the drying oven. 
The hood must have a door in the 
front to permit the metal to be stirred, 
skimmed, and ladled out. 

Before making the alloy the lead is 
melted alone flret, and thoroughly 
freed frt>m the dirt and dross which 
collect on the surface, by means of a 
skimmer, conristing of a disc of per¬ 
forated sheet iron with a rim and 
short handle. The addition of a 
small quantity of oil or grease to the 
molten metal will much facilitate the 
liberation and removal of the dross. 
When the lead is perfectly clean, it is 
cast into blocks ready for remelting 
to make the alloy. 

In conducting this latter operation 
the lead is again placed first in the 
pot, melted, and well skimmed, taking 
efq>ccia] care that no zinc is allowed to 
contaminate it. When quite clean, 
the projjer proportion of antimony is 
added, that being, for every 100 lb. 
of lead, 18 lb. for the plaster process, 
but only 12 lb. for the pa])er process. 
If the molten alloy, after being well 
stirred to mit^le the two met^, be 
found to exhibit a tendency to adhere 
to the sides of the pot and to the tocfls 
plunged into it, this may be taken as 
a sign of poor quality and the necessity 
for adding more antimony. Having 
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secured a good quality of metal, it 
will be fit for casting at alwut 600'^ F. 
(316*^ C.). Experienced workmen esti¬ 
mate the temperature by holding the 
hand at a distance above the pot, in¬ 
stead of having recourse to a pyro¬ 
meter, but a novice would ne^ to 
resort to the mure scientific method 
until accustomed to judge of the heat. 

In making stereot}q7iiig metal in the 
foundry a <{uautity should be mixed 
at one time, as the plaster process de¬ 
mands mucli material always in use. 
The manufacture of the alloy con¬ 
siderably interferes \iitli the casting, 
and the dipping should never l)e com¬ 
menced without a sutficient supply 
being available. In m(H(t foundries I 
where mixing is carried on to any ex- j 
tent, a separate pot is provided for tlie I 
purpose, taking care that it is well ; 
clus^ in by an iron ho<xl, before de- I 
scrilied, just sufficient opening being 
left for the long iron for mixing. j 

The broken metal, if of goinl quality, I 
sliould prasent a sparkling ajipearance ; > 
if it is (lull, sufficient antimony has not j 
Ixjen added, and plates made from such ^ 
mebil will lack sharpness of outline. 

Prqtnritvj il^c Forme. —The first 
step is to sulxlivide tlie forme, if pos¬ 
sible, so as to have plates of minimum 
size. The forme is laid on the impos¬ 
ing surfiicc*, unlocked, sliglitly damped, 
and re-im|X)«id in smaller chases with : 
type-high clumps to replace the fumi- j 
ture round the pages, noting that the j 
lower side of the clumps must come 
next to the type. Every caution must 
be ol^erved to prevent types falling, 
out, and to ensure the matter being 
securely locked up and level. 

Low spaces and qua<ls must all be 
raised to the level of the lieight of the 
shanks of the lett^ prior to moulding; 
therefore it is desirable to employ high- I 
spaced founts when plaster casts are to 
be taken. Besides being ori^nally 
more costly, howevw, the liigli spaces 
would be a source of much trouble if 
the type should be required for work¬ 
ing from. 

“ Filling-up ” is effected by pouring j 
plaster having a |»sty consistence over i 


the surface of the forme, and rubbing 
it down by hand. When this has been 
evenly and thoroi^hly performed, and 
before the plaster has completely set, 
the whole is gone over with a mode¬ 
rately stiff brush, to remove the planter 
from the beards of the letters. 

The pages liaving been examined for 
imperfections, the forme is set to 
dry thorouglily in a rack specially pro¬ 
vided. If a number of formes are to be 
cast, it is well to fill them all at one 
time. The plaster being dry, the 
forme is laid on the imposing surface, 
wliich must be perfectly clean, and the 
face is again brushed, so that any small 
detached crumbs of plaster may be 
cleared away. 

Before oiling it is absolutely essen¬ 
tial that the face of the type be both 
clean and dry. When this is the case, 
carefully apply some olive oil on a soft 
brush, sometimes adding a small pro¬ 
portion of turps if the oil is very thick. 
The oil must iidhere in every part, or 
tlie cast will come anuy in an imper¬ 
fect condition—pieces of plaster re¬ 
maining attaclied to the unoiled spots. 
Tlie oil answers a double purpose, {ire- 
venting the adhesion of the mould to 
the type, as well as hindering the 
moisture of the fresh composition bt)m 
affecting the plaster alr^y used in 
filling up the fonne. 

Casting the MmOd .—On the locking- 
up furniture round the type are plac^ 
pieces of tin about in. wide and of 
various lengtlis, destined to provide a 
perfectly flat surface for the casting 
frame, and to stop the thin plaster 
from running. The citing frame is 
adjusttnl in position round the pages, 
after the sides have been oiled. 
in uu iron or tin pot kept for the pur¬ 
pose is mixed a sufficiency of pluter 
to a creamy consistence; this is poured 
upon the face of the type and carefully 
forced in by a pad of folded blanket, 
called a ^*dabber.” In this way the 
air is expelled from between the plaster 
and the face of the type. Then more • 
I pasty plaster is added, and well rubbed 
I in by liand, to ensure the plaster oc- 
I cupyiug the smallest interstices, when 
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the surface of the type will be com¬ 
pletely covered with a film of plaster. 

Next a further quantity of the com¬ 
position is mixed somewliat thicker, 
and enough of it is poured on the 
forme to entirely fill the casting frame. 
As the plaster hardens very rapidly, 
every means must be taken to prevent 
small lumps from forming, both on 
the hands and in the mixing-pot; 
after each operation the hands and 
pot should be well washed. Whilst 
the plaster remains liquid the surface 
is scraped with a straight-edge level 
with the top of the casting frame, after 
which the mouhl is allowed to stand 
for five minutes; by this time it will 
have partially hardened, when the 1:»ck 
may *be scraped again. Should the 
mould not be of uniform thickness 
throughout, it is apt to be cracked 
by‘the pressure of the molten metal 
in the dipping-pan. Success is almost 
entirely dependent upon the quality 
and manipulation of the plaster. 

Removing the Mould .—When the 
mould has stoml some Ifi to 20 minutes 
it should liave become sufficiently firm 
for lifting from the type. Forked tools 
with short liandles are used fur this 
puipose, one in each liand, the points 
being carefully inserted between the 
casting and the chase. The ope¬ 

ration demands the gentlest care; if 
force is exerted unevenly small por¬ 
tions of plaster will break off and sppil 
the mould. After detaching one end 
of the frame, the other end is loosened 
in the same manner ; then the whole 
can be lifted off the forme, being sup¬ 
ported by the protruding bevel of the 
casting frame. After removal of the 
mould tlie type should fn^sent a per¬ 
fectly clean face, not a particle of 
plaster appearing among the type. 

Bahi/ng the Mendd. — When the 
mwild h^ stood for a few minute, 
with the aid of a knife cut a small 
fl^ve round the back towards the iron 
WKOB. Turn the mould on its back 
• asXi li^tly tap tiie frame, when the 

S lMter 'will drop out in its entirety. 
uperfluouB plaster is trimmed off with 
the knife, and notches are out on the 


top sides of the plaster rim, that 
the molten metal may gain admission 
to the face when put into the dipping 
pan. 

Tlie plaster cast is next baked in the 
oven, whose proper heat is about 400°P. 
(204'^ C.). The mould is introduced 
between two of the partitions in the 
oven on its side, and allowed to remain 
for about 1^ hour, by which time it 
will Lave become sufficiently* baked, 
and will assume a brownish hue. Mean¬ 
time the dipping pot and floating plate 
are likewise put into the oven, on the 
lx>ttom shelf, in order tliat they may 
attain the same heat as the mould. 

Tefstimj the Metal .—Before pouring 
it is necessary to test the metal, os 
unless it is hot enough it will not flow ’ 
freely under the cast, and the plates 
will lack sharpness or become chilled ; 
if too hot, the mould is liable to crack 
when immersed. The test mostly ap¬ 
plied is tliat of inserting a piece of 
paper in the metal, when the jwper 
should acquire a straw colour. If the 
metal is too hot, the dmught of the 
fire must be reduced or a little cold 
metal added. The dipping pot or cast¬ 
ing pan, when sufficiently heated, is 
slid along the iron shelf to the front of 
the metal pot, and the floating plate, 
which is of the same size as the bottom 
of the pan, is put inside, the workman 
being provided with iwds of thick 
flannel while handling them. 

Cmtmg the Plate .—The first precau¬ 
tion is to ensure tliat the pan, plate, 
and mould are of nearly one uniform 
.temperature: if the plate is colder 
than the cast it will cause a sudden 
contraction of the latter; if \miner 
a sudden expansion, either of which 
will iwobably crack or warp it. Some 
workmen prefer to beat the floating 
plate by immersion in tlie molten 
metal. There must be no delay be¬ 
tween placing the dipping pot in posi¬ 
tion, the floating pUte mdde, the 
mould on the top, and fastening the lid. 
After removing the cast from the oven, 
should anything unforeseen occur to 
prevent its being immediately placed 
^in the dipping pot it must be put ba^ 



Stkbeotypino : Plaster Process. 


251 


in the oren till heated again, together 
with the pot and plate. 

Should the out be much smaller 
than the floating plate, small plaster 
cubes, previously prepared, may be 
placed round the sides to prevent it 
moving about in the pan. The cover 
is next put on aud secured by means of 
the clamps aud screw, the clamps at- 
taclied to the cliain on the crane being 
fastened into the sockets on the side 
of the pan. The ratchet is wound up 
and the wliole is swung above the 
metal pot, then gently lowered until 
the top is on a level with the surface 
of the metal. By tilting the clamps 
with one liaud the side of the dipping 
l»au is gently dipped atone comer into 
the metfd, allowing the latter to flow 
in only at one comer, so tliat the air 
may be driven out at tbeotlier opening 
the i»n being entirely immersed only 
after all the air has been expelled. 
When the pan is full, gently lower 
the whole into the metal, allowing 
it to rest on the bottom of the pot. 
Care must bo tedeen tliat the metal in 
the melting pot is not allowed to run 
too low, so as to ensure tlxat when tlie 
mould is placed ready for dipping 
there is sufticient met^ to cover the 
top of the pan. 

When new metal is added* to the 

t tlie temperature of the mass will 
considerably lowered, and no cast 
should ever be made without first tot¬ 
ing the temperature. 

By its greater specific gravity the 
molten metal presses ui> the floating 
plate and the mould to tlte lid of the 
dipping pan, and forces itself through 
the noteUes cut in the aide of the 
plaster into every part of tlie mould. 
The {)aij should remain in the metal 
for about ten minutes, duriiig which 
time the floating plate for the next 
casting maybe placed in the metal, 
allowing sufficient to remain above tlie 
surface to enable the operator to ol^ 
tain a firm hoM for its removal. 

Cooliiuf the Cast .—When the pan has 
remained in the met^ for the time 
stated it should be genUy ndsed, 
swung round to the cooling trough, 


and allowed to rest on the supports 
made for the purpeme. Care must be 
taken that it be swung in a perfectly 
hori^ntal position, or the metal wiU 
be liable to flow to one edde and thus 
render the thickness of plate unev,pn. 
As the metal cools it contracts con¬ 
siderably, and more metal mixst be 
poured in at tlio comers of the dipping 
pan to make up the deficient^, and to 
exert the necessary uniform f>re8sure 
on the cast. This pouring must be 
repeated several times during the cool¬ 
ing. As the water in the trough sinks 
owing to the rapid evaporation, further 
suppli^ should occasionally ^ added 
to maintain the required level. The 
cooling of the cast (which properly 
occupies about 20 minutes) must not 
be hurried, or the mould will split, and 
the metal will run into the crack. * If 
the cooling operation is hastened in the 
slightest d^ee the sudden contrac¬ 
tion of the metal on the surface of 
the newly-formed plate will cause the 
letters to lose their eleamera of outline. 
The water in the trough should be 
liigh enough to saturate the pieces of 
blanket, but it must not be allowed to 
touch the pan Iiottom. 

KnocHvuj out the Plate .—Wbeai the 
pan has completed its cooling it is 
lifted on to the knockii^-out block; 
then loosen the clamps, and remove 
the lid by inserting a strong chisel at 
th^ corners. Turn the pan upside 
down, and give a smart blow with the 
mallet on the bottom, wjien a block of 
apimrently solid met^ will drop out. 
Let it stand for a few minutes to allow 
it to become still colder, tlien turn 
again, the widest part uppermost. 
When the metal is sufficiently cliilled 
strike off the extreme comers with a 
mallet, lieing careful to hit away from 
the bulk. Next break away the sides, 
striking from tlie top, and, as before, 
away from tlie body of the metal, or 
the plate will be injured. 

After aU Uie edges round the top are 
Btruok off, the thin metallic covering * 
of the mould ctm be removed, and the 
whole of the plaster will be exposed 
to view. This can be picked from the 
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surface of the cMt, and the latter be 
lifted from the floating plate. 

It is wise to wear a leather apron, to 
provide against the effects of metal 
splashing; some thick blanket*pads 
slgiuldbe provided to enable the work¬ 
man to wffely handle the hot dipping- 
pans, doatiog plates, etc. 

Should any plaster adhere firmly to 
the detached pieces of metal, the whole 
may be thrown into the melting pot, 
when the plaster will rise to the sur¬ 
face, and can bo skimmed off with the 
ladle. 

If the cast is perfect, superfluous 
metal is cut away and the plate finished. 
More work is entailed in flnishing a 
plas^r plate tliau in the paper pro¬ 
cess, incurring additional items of 
expense. 

flaUminfj iJie Plate. — In conse¬ 
quence of tiie unequal contraction of 
the metal on the face and back of the 
cast, before finishing in the ordimtry 
way the plate needs to be flattened.” 
Having trimmed the superfluous metal 
from the sides, etc., run a small 
straight-edge over the fece, when in¬ 
dentations may easily be seen. Mark 
these places with a pair of callipers on 
the b^k, and then with a planer or 
burniriung hammer knock them up 
to the required he^ht. A piece of 
thick brown paper or thin flannel 
must be placed between the beating 
surface and the face of the plate, .or 
the latter may get injured. 

Twmvngto Uniform Thioknesi *—^The 
back of the plate is sure to be somewhat 
rugged, and probably extremely un¬ 
even. It is therefore necessary, before 
planing smooth, to turn the plate to a 
nniform thickness in a lathe made 
specially for tlie purpose. This con- 
sists of a large thick disc, working on 
a short shaft; four adjustable toothed 
ohuoks or “dogs” lie upon the sur¬ 
face, and can be moved to any p(»ition 
towards the centre of the diro the 
turning of a screw-h^ in the flange 
of the wheel. In front, and parallel 
witii the disc, is a slide, upon which 
is &8tened a carriage ^vided with 
adjustable knives. \^ter the plate is 


fixed to the lai^ disc or wheel 1^ the 
chucks the machine is set in motion, 
and, as the plate revolves, the carriage 
and knives move slowly ^ong towmd 
the centre of the disc. By this means 
a regulated thickness of metal is taken 
off in circular strijw. A piece of thin 
brown paper is laid between the faces 
of the disc and the plate to prevent 
any injury to the latter by rubbing 
when it is l>eing secured. Wlien fixing 
it is essential to place the plate as near 
the centre of the wheel as possible, 
and to tap or press it closely to the 
surface; this be n(^lected it may 
be springy when screwed up, which 
will cause the metal to be taken off to 
an unequal degree. On the other 
hand, the chucks miut not be screwed 
up too %htly, or the same defect will 
occur, and the plate be insecure. Just 
sufficient force should be exerted in 
securing the plate h) prevent the possi¬ 
bility of its being jerked off while being 
turned. 

PUvmvg the Before placing 

I the turned plate in the planing machine 
! the angl^ of the top and bottom edges 
I of the back of the plate need filing off 
I a little, so as to enable the plane to 
I catch the metal fairly. The machine 
! must be adjusted with accuracy so as 
to redm;e the thickness of the plate to 
a small pica, always allowing for the 
sheet of paper which must be interposed 
between the face of the plate and the 
bed of the planing machine. This 
planing process is not always carried 
out, but its advant^es are obvious in 
saving labour when the plate has to be 
made ready for printing from. 

A handy form of jdaning machine is 
shown in Fig. 1.^4. It consists of a 
long iron bed a working backwards and 
forwards on a long screw h running 
beneath. The knife c is fastened at a 
slight inclination in a fx^e d fixed 
across the cwitre of the bed. The 
plate is laid face downwards on the bed, 
and a thick iron wedge is forced hy the 
workman on the of the plate. 
By revolving the capstan wheel e the 
^te is gr^ually driven under the 
knife, by which a slice of metal is taken 
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off and the plate reduced to a uniform I M<mUing the Plate .—If the plate is 
thickness and even surface. 1 to be mounted on a wooden base the 


bevelling can be dispensed with, 
the plate merely requiring to be 
trimmed square and almost flush 
with the type. The b^t wooddtor 
mounting on is well-planed pine ; 
the plate is thoroughly secm^ by 
driving ^-in. French nails through 
the metal and into the wo(^, 
punching them down flush with 
the metal. 

Stereotyping has been largely 
adopted in newspaper work as 
saving much labour where the 
same item of news has to be sent 
to perhaps a dozen or more differ- 
ent papers. In this case, plates 
of the items are cast in the re¬ 
quired number and distributed. 
To reduce the heavy cost of tsan- 
sport entailed by using the ordin¬ 
ary massive plates, the impression 
is taken in sheets of metal of only 
just sufficient thickness to afford 
a printing surface and ensure 
Fro. 1R4. freedom from liability to* break¬ 

age by rough handling. Hienthis 
Bevdlinff and Sffuariru/ the Plate .— i metallic printing surface, which will 
The planing has rendered the plate true be recc^ised as the essentially valu- 
as regards its feces. The next step is able part of the stereotype plate, is 
to adjust its ^ges. An accurate gauge | mounted either on wooden lengths, of 
should be used, each size of ty^ the proper thickness, and secured ly 
requiring a separate gai^e. The plate nails, or recourse may be had to the 
18 laid on a flat narrow iron table, ar- , metallic block system, in which the 
ranged to run on slides, fixed to a very i plate is cast with an undercut projeo- 
firm bench, with a planing iron secured I tion corrroponding with a groove in ^e 
in juxta()osition. The plate is laid on I block which is to make up the neces- 
its back and covered with a piece of sary type height. The blocks are cast 
stout blanket, on which a screw platen in columns, and afterwards cut into 
descends to hold it in position. The pieces varying from ^ in. to 18 in. in 
pkte having been correctly gauged, the length, for convenience of making up 
edges are accurately planed off to the into columns. The plates are locked to 
gau^, and then as carefully bevelled the blocks by column rules, Obviously 
at the margin. Where operations are the same principle may be carri^ out 
conducted on such a lar^ scale that I with any suitable method of tmi ting 
hand labour would be inadmissible, the plates and blocks, 
some form of planing and bevelling ' It is a matter of convenience to cast 
machine may m used, operating by the "risers" or morable blocks for 
m^s of revolving cutter discs, a hood mounting plates on the premises, 
beiitt fitted oyer the work to collect They are usually made square, with 
the flying particles of metal. A small ■ indentations at the sides for reception 
gu engine or water motor is bandy for j of the brass catches, as in Fig. 156, 
driving the maoliines. I which measures 3 in. long and in. 
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Muai'e, otdier sizes being also made, 
llie side clumps, Fig. 156, are made 
either 1 j or 3 in. lot^, and 1 pica 
thick. The blocks should be cast 
hollow to save metal. The catchy, 
F^. 157, are made of brass rule, and 





its tjpe surface must be very thor¬ 
oughly cleaned with a brush and some 
strong soda solution, as for washing 
ordinary type, to remove accumulated 
dirt. It is then dried well, and the 
face is oiled, as in casting from type. 
The plate is next laid on the mouM- 
ing talde, tin side pieces bein^ un¬ 
necessary. The mould is taken m the 
ordinary way, and when dry enough 
it is turned on its back, wd the plate 
is gently raised from it. Thus the 
mould is left till ready fop* trimming 
and the other usual processes that 
follow. 

Plates taken in plaster suifer a much 
greater d^ree of contraction than 
th(»e taken by the paper process, in 
consequence of the shrinkage of the 
mould in b^ing and dipping, wliile 
the type is not present to offer any re¬ 
sistance. The amount of shrinkage in 
a crown 4to page is about inch in 
I length, and ^ inch in width. 


I* FiO. 156 


Fig. 167. 


can easily be produced on the premises 
getting long strips cast with the 
required fiange, then cutting up as 
ne^ed, filing quite smooth, and drill¬ 
ing the necessary holes for admitting 
the pin that hol^ all secure. 

Per fating Me PTatc.—After all the 
precemng proce^es the plate is very 
carefully inspected for minor imperfec¬ 
tions. Of couree, anything like a 
serious imperfection is quite sufficient 
to condemn the plate entirely, and 
necessitate its being redone from the 
beginning ; but small matters may be 
remedied. Among these are spots 
where tiw metal in the “whites” 
comes too high and would be in danger 
of taking t^ ink in printing; such 
inust be chipped away with a sharp 
olfiael. Again, individual letters may 
be battered; these require to be drilled 
out^A new type letter being dropped 
linto;'^ hole thus made, and secured 
by soldering from the back. 

Mining fnm PUiU .—Before 

taking a cast from a stereotype plate 
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Stone. 

AETIFICIAL AND BUILDINO 
BLOCKS 

(Sec also Cements, Concrete, Pave¬ 
ments, Pottery, Slao, etc.) 

By artificial stone is meant a compo¬ 
sition, which is usually competed of 
sand or crushed stone, made into a 
l^rd mass by means of cement. 
There are now, however, chemical 
actions or additions to be relied on 
making some very sound and reliable 
building or paving materials, as will 
be seen. A good kind of artificial 
marble is described. 

Artificial Paving-flags.— 'These 
are made of a concrete composed of 
gnmite chippings, not ki^er t^n i in. 
gauge, well washed and mixed with 
clean washed sand and Portland 
cement (well ured and not too new). 
The proportions are 2 of chippings, 
1 of sand and 1 of cement, well mixed 
while dry and then wetted with water 
delivered through a rc«e. Only suffi¬ 
cient water should be used to properly 
moisten the whole, as too pasty a mass 
does not lend iteeli to good moulding. 

Moulds are made of wood,* lin^ 
with tine to give sliarp arrises. To 
prevent the concrete sticking to the 
moulds, soft soap, linseed oil or vase¬ 
line is used. The moist mixture is 
shovelled into the mould, a little at 
the time, and spread by two men mth 
tiowels. When the mould is full the 
top surface is smoothed over with a 
flat and patted until a cream comes to 
the top. In large works a machine is 
used to rapidly shake the moulds to 
ensure the concrete settling down into 
a solid mass. 

The moulded slab is allowed two 
davs to set (in the mould), then care¬ 
fully removed and stacked to dry 
slowly. The.tir sliould get all round 
each slab, and at least a week is 
allowed for drying. 

The next process, when required, is 
to put the slabs through the siHca 


bath, this hardening and greatlj im¬ 
proving the quality of the slabs. The 
silicate used is that known as water- 
glass. Silica itself is a very hanl and 
refractory material, but in the pres¬ 
ence of s^ it melto readily, according 
to the quantity of soda used, imtu 
not only is its melting point reduced, 
but, when fused with an excess of 
soda, it actually becomes a soluble 
material. Commercially it can be 
purchased in a state resembling a soft 
size, and when diluted with water to 
a strength showing 1250 or 1300 on 
the hydrometer it makes a bath suited 
for treating concrete slabs. The slabs 
are soaked in this for from a week to 
ten days, and t^ter being drained, are 
then stacked away to mature for three 
or four months. They improve and 
become stronger with keeping. 

Artificial Stone for Moulded 
or Shaped Objects.—This is made 
of a concrete composed of 1 peu't good 
Portluid cement, 1 of sand and 2 of 
broken stone or granite chipping^. 
The gauge of the latter should be 
h'om ^ in. to I in. according to the 
size or bulk of the object to be fmmed. 
All ingredients ^ well mixed while 
dry, then moistened with water 
sprinkled over with a rose. The 
moulds may be of beechwood, but if 
the shape will admit they should be 
lined with zinc. Meta! moulds are 
best if the quantity of articles to be 
made is great enough to warrant the 
cost, while plaster moulds (made from 
a clay model) may be used fw small 
numbers of intricate design. Soft 
soap, linseed oil or vaseline is used to 
prevent the cement adhering to the 
mould. The concrete should be well 
worked, pressed or shaken into the 
mould, and be allowed four days to one 
week in thq mould to set. After this 
they should be allowed ten to fourteen 
daystodry. If they are to be treated 
with silica, this can then be done as witit 
the preceding or the following recipe, 
but whether so treated or not, the 
articles should then be stacked airaiy 
some months to mature and proper^ 
harden. * 
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Silicating or “ Petrifying 
Liquid for Concrete, etc.-^a) 
Soluble silica can be made by digesting 
pure flint (silica) with cauHtic soda, 
under pr^ure and high temperature in 
an*ir-tight vessel, such as the Papin’s 
digester. The strength of the silicate 
should be 140® (T), showing 1700 on 
the hydrometer. For use water is 
added until the mixture shows 1250 
to 1300 on the hydrometer. It is 
then a clear fluid, somewhat cupper 
coloured. This forms a dip for con-1 
Crete flags or other objects; the effect | 
being to fill the-pores with flint, which j 
soon sets and m^es a hard stone com-1 
pound. Concrete and cement floors I 
can be treated by pouring the liquid ' 
over and working it in. 

(ft) There are two ways of prefsaing 
soluble silica or water-glass. The 
easiest is by fusion, mixing together 
10 parts of dried carbonate of potash 
(or 15 parts of dried carbonate of soda), 
15 pa^ of fine quartz, and 1 part of 
powdered charcoal, aid ihising these 
t(^ther in a plumbago crucible. The 
resulting mass is soluble in water. It 
may al^ be prepared by making a 
saturated solution of caustic soda, 
placing this in a cast-iron vessel, aloi^ I 
with nodules of flint, and boiling the 
whole together, under a pressure of 
60 lb. to the square inch, until the 
soda has combined with as much silica 
BS it can take up. This is known by 
its losing its alkaline taste and its 
acquiring a somewhat sweetish savour. 
This latter method is only pcesible on 
’ aratherlurge scale, as special appliances 
are requir^. 

BuUding Blocks of Hollow 
doaorete.—Writing of the use of. 
hollow concrete blc^s for building ' 
purposes, the * Engineering Times' | 
points out that their use is becoming ! 
greater eveiy day, the increase being i 
eo^great that whe^as five years ago ; 
they were practicedly unknown, there 
are^ow no less than 150 d^erent 
J^mac^ibeiE^. for producing the blocks, 
and'a sfalj’ greater nutober of firms 
making them. ' 'There are several ! 
.causes of this sudden development 


I of‘the industry, not the least being 
j liigh wages, lower cost of g(^ cement, 

' and the fact that much timber may 
i be saved. The blocks are made 
j of a variety of sizes and shap^, 
and of materials and in proportions 
innumerable, sometimes of one pece 
for a section of wall, and again in two 
pieces (outside and inside). Single 
blocks are made as large us 8 ft. long, 
and 8 in. wide, and 10 in. thick, rein¬ 
forced by steel rods. Blocks are rarely 
made longer than 6 ft. without rein¬ 
forcement. Single-piece hollow blocks 
are made 20 in. long by 8 in., 9 in., 
and 12 in., other dimensions, so as to 
make the full thickness of the wall. 
Two-piece blocks are made, as the 
name implies, for face and liack wall. 
An argument in fovour of the single¬ 
piece block is that when laid in place 
a section of the wall is completed, 
requirii^ no bonding to the front, 
containing 30 per cent, air space gener¬ 
ally : more material and strength, 
thci^oro better and more economical 
than two-piece system. Advocates of 
two-piece system claim to secure a 
drier inside wall, with less material, 
liAving 50 per cent, air space and a 
more even inside wall on which to 
piaster. 

FoUomng are a few of the propor¬ 
tions of material used by (Cerent 
makers of blocks: 1 cement, 4 sand ; 

1 cement, 4 sand, and gravel; 1 
cement, 5 sand; 1 cement, 2 sand, 4 
cinder ; 1 cement, 1 sand, 2 crushed 
stone; 1 cement, 3 sand ; 1 cement, 

2 sand. The conaete becomes practi¬ 
cally waterproof when set, and thor¬ 
oughly crystallised. After the mate¬ 
rials are mixefl dry, water should be 
added from a spieling can till the 
moss is of a uniform colour and suffi¬ 
ciently wet to retain shape when 
squeezed in the hand. The quantify 
of water required will vary with the 
condition of the sand and the per¬ 
centage of lAimidify in the atmosphere. 
Shovel the mixture into the mould in 
small quantities, meanwhile constantly 
tamping. Bemove the block on the 
plattem to a place under oovtf, and 
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allow to remain for at least one w^k 
(two weeks shows greater strength); 
sprinkle the Mock next morning and 
twice daily for one week, when the 
block may be safely used in building. 

(.)nc ftrm employing twenty-five men 
making hollow blocks supplied them to 
eighty-six dwellings and throe large 
factories in three summer months. 
These were generally sent out less tlian 
a week old, and mrely watered more 
than six times l)eforo placing in the 
yanl exposed to the sun’s action. No 
failures have so far accrued, and de¬ 
mand exceeds production, showing 
that satisfaction has l)een given to 
architects and builders. One peculiar 
feiiture of the business is the favour 
shown for blocks with an imitation ruck 
fa<'.e, which is so palpable an imitation 
of stone work that it is re{)ellent. A 
neat appearance is given by a plain or 
tooled face. The material is so well 
adapted to many uses and designs that 
it deserves a better fate than being 
considered an imitation of something 
else. Lei it stand for wliat it is, the 
best of building materials. Tlic solid 
wall, or so called monolith style of 
concrete liuilding construction being 
an established fact, why should not 
the block business thrive ? The block 
being made in smaller units afe less 
liable to contain defects tluin a lat^c 
mass. The most beautiful architec¬ 
tural effects may be secured by using 
moulds for solid or monolith work, 
and surely the same ingenuity may 
be developed with hollow blocks. Fire 
protection is perfect; the material 
being practically indestructible. And 
one must further consider the cheap¬ 
ness and ease of construction; with 
one good mason and a fair quality of 
labouring men, an ordinary pbiin 
building may be erected of as durable 
a character as the most skilled and 
high-priced men could build, in many 
casra at less cost than a brick structure 
and in some cases less than a frame 
building. 

Silica-Lime Building Stones. 
The name implies that the stones are 
mode up of silica (sand) and lime. 


The basis of this process is a chemical 
combination between lime and silica, 
making a very hanl stone. The true 
value of the chemical combination and 
the resulting stone is tliat it is proof 
against all ordinary dostructivcagencTes 
much lis flint-glass is. 

Three processes liavc been adopted : 
(1) thatof using a lime {)aste, the lime 
l)cing hi-st slaked, then made into a 
cream an<l allowed to settle into' a 
paste; (2) tlie use of <lry powdered 
slaked lime, and (-tl) the use of dry 
powderetl (juicklime. These are 
divided again, in a sense, Into air 
hardening, hardening in chambers 
1 with low pressure steam, and harden- 
' ing with high pressure steam. 

I While all may Ik; considered prac- 
ticiil, the l)cst and most economical 
} results are obtained witli sand and 
i dry quicklime liardcned in chambers 
charge<l with high pressure steam. 
IjCsr lime is einployctl and much less 
time, the former l)eing a distinct saving 
in material, while the latter greatly 
reduces the size of the plant required 
to turn out a given quantity of work 
in a certain time. Air hardening 
takes weeks, depending on the weather; 
low pressure steam from tliree to four 
I <lays, high pressure steam ten to four¬ 
teen hours. Thus a hardening cliamber 
for the latter can be chaiged and 
emptied many times, while one chaige 
would be hardening in low pressure 
steam. There are other minor points 
in which high pressure steam hardening 
gives Iwst results, {mrticularly as to the 
possibility of the finished stone wearing 
and lasting well. 

The lime should l)e as pure as pew- 
sible, the purer the better, and what 
is known as a fat lime can be used. 
The lictual percentage of lime that' 
can combine witli the silica is no more 
than 2 or 3 {)er cent., but this will 
depend to a certain extent on the 
proportion of silica in the sand. Too 
much lime is detriments as it cannot 
combine, and may, when exposed to 
the air, diminish l^e strength of the 
stone. A slight excess is, however, 
necessary, as it cannot be relied oa 
8 
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that an exact percentage will be bo j 
precisely distributed as to act perfectly. 
In practice, from 6 to 9 per cent, of 
lime is requisite. The sand, as stated, 
must be rich in silica, the richer the 
letter, and the sharper it is the better, 
the process rcciuiring a mechanical as 
well as a chemical combination. 

The chemical action between the 
two ii^redients will not occur without 
moisture, and is greatly assisted by 
heat. The moisture must, however, 
be in correct proportion. Too little i 
moisture makes the mouldii^ of tlie 
stone difficult, and also prevents the 
proper slaking of the dry quicklime 
and consequent imperfect combination. 
Too much moisture causes difficulties 
in the moulding, as the material should 
not be pasty for this purpose. The 
brat proportion of moisture is from 8 
to 11 per cent. 

'To ensure the presence of the correct 
proportion of moisture, it is almost 
imperative, iu large works, that the 
lime be burnt on the spot, be taken 
hom the kiln and go through the 
grinding and mixing and ultimately 
join the sand, with little or no oppor¬ 
tunity of absorbing moisture. The 
sand is dried (l^ one manufacturer) 
by putting it into the mixing machine 
firat, this machine being heated and 
having a vacuum pump atta^ed. This 
quickly extracts all the moisture. The 
lime is then introduced in proper quan¬ 
tity, and when the machme is ciraed 
and the mixing mechanism started, a j 
measured qumitity of hot water is 
introduced through a rrae or sprinkler 
that is provided. It follows, then, 
that as riie mixing proceeds, the lime 
becomes slaked, and this with the heat 
evolved in the slaking commences the 
' ehemical combination at once; and it 
is doubtlras this that hel{» to reduce 
the time taken ly 8ul»equent harden* 

‘ ing |at>cesB. 

After mixing, the material is taken 
the presses and there formed into 
'.brkfls, moulded stones and ornaments 
or whatever is required. The press is 
sometimes of the hydraulic kind, par* 
tkularly where quality is required 


more than speed, otherwise a mechui* 
ical press is used. It is in the press 
where the precise best perc^tage of 
moisture shows to advantage, for if 
too much water is used it is practi* 
cally impossible to the mass pro¬ 
perly, whereas if too dry the pressure 
has to be greater, wMch means a 
smaller brick or stone of unnecessary 
weight. 

Having obtained the pressed forms 
the last important process is the har¬ 
dening, which is really the drying, 
which completes the chemical combina¬ 
tion of the two ingredients. This, as 
stateil, is done in high pressure steam, 
steam at a pressure of several atmo¬ 
spheres. The chambers in which'thk 
is done are constructed of wroupht 
iron and resemble very large cylindrical 
boilers. Cue end is removable, form¬ 
ing a locking door, and through this the 
wagon loads of pressed briclu or stones 
are rolled on lines provided. The 
Widens on low wheels, usually a 
simple platform on which the bricks 
are stacked, or they may be fitted with 
metal shelves, if the moulded ^ticles 
re(|uire this. In the latter case the 
wagon cannot carry so many pieces, and 
th^ isa proportionate loss in economy. 
A chamber about 60 ft. long, by 6 ft. 
diambter, will takeabout 10,000laicka 
(according to size). A very practical 
description of the processes, apparatus 
and plant for tliis work, is given in 
j ‘*l^ilico-calcareouB San^tones” by 
; Ernst Stoffier, published by £. and 
F. N. Spon, Ltd. 

Bricki of Coment and Ashes. 

Ashes can be used for making building 
blocks provided (1) tliey are free horn 
lime (2) they have been exposed to the * 
weather to wash out ail salts and (3) 
that they are sifted to remove tlmt 
part which is absolutely dust. 1 part 
of Portland cement to 5 parts of ashes 
will make a reliable blo^, bat th^ 
should be pressed (as oU bricks are) or 
they will too porous. They are no 
cheaper than ordinary bricks if these 
latter are obtainable. ^ 

Scsgliola or Imitation 
Karble.~-This is not a surface finish 
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(such as is described under * ‘Marbling'') 
but is made up of solid coloured ma* 
teri^. The work can be ma<ie veiy 
beautiful if care and judgment be 
exercised, and properly done the sub¬ 
stance is very like marble of the liest 
decorative kinds. Much, however, 
depends on the making, as will be 
uuderstoofl directly. 

Take some best gypsum and calcine 
it until the masses have lost their 
sparkling appearance and become uni¬ 
formly opatjue, then grind and sift 
finely. This win tjc obtained ready 
prepared if reijuirod, being the best 
quality plaster-of-Paris. When about 
to be used it is made to a tliiu paste 
with a solution of glue or isinglass, or 
similar material which will retanl its 
otherwise too rapid setting. If only 
one tint is reejnirod this is made up by 
mixing a suitable colouring ingredient, 
but to imitate the variegated colpurs 
of marble, a sufficient number of 
vf^els Iiave the plaster in them, each 
of a diHcrent colour. The dilTerent 
coloured materials arc then roughly 
mixed (or combed) together and at 
once applied to the wall or object 
that is to be coated, the surface being 
floated smooth and then allowed to 
set hanl. 

Thenext and final process is to polish 
the surface. This is first done witli 
pumice stone and ivater (the surf^ 
being wetted with a sponge) c^ter 
which tripoli and chared are used 
mth a jnece of linen, and finally a 
piece of fine felt di{)ped in a mixture of 
oil end tripoli. It may last of all be 



have a surface of roughened plaster to 
receive the m^liola composition. 

Grindstone, Artificial. ^ 
Washed silidous sand 3 {»rts, shellac 
1 part ; melt the lac, and mould in the 
sand,^ while warm. Emery may be 
substituted for sand. Used for razors 
and fine cutlery. 

(2) Very hard and good. Powdered 
gl^ 69 parts, rock crystal 22 parts, 
minium 22 puts, calcined borax 144 
parts, saltpetre 5 part^, arsenic l| 


parts. Mix with water to a paste and 
press into moulds. 

Hardening of Soft Stone.— 
A process by means of which the soft¬ 
est sandstone or limestone can be ma^le 
hard has been discovered by A. Ktk- 
belka. The following are the methods 
he employs. I'irst, the surface of the 
stone must be thonmghly cleaned, so 
as to expose the ix)re8. Any bil or 
grease spots must Iw removed with 
l)en 2 sene or with the alcohol flame. 
Missing pieces must be filled up with 
cement mortar, using a 1: 7 solution 
of wateiglass for tempering. After 
the stone is thoroughly dry, it is satu¬ 
rated with a solution of potash or soda 
waterglasH. In case of rain during or 
immediately after this operation, the 
stone must be again cleaned, dried, 
and saturated with the solution. 
Then follows an impregnation with 
molten chloride of calcium. Aftef* 
this, rain will do no more harm, as on 
account of the rcactiou of the chloride 
of calcium upon the solution of water- 
glass, the pores of the stone will be 
filled with insoluble, hard silicate of 
lime; while the soluble silicate of limn 
will be decomposed and washed out by 
raiu. 

Another method of Kubelka’s is 
to saturate the stone first with a 
solution sulphate of alumina in 
water, and when dry with a solution 
of potash waterglass. Sometimes a 
repetition of this process will be neces¬ 
sary to thoroughly fill all the pores of 
the stone. It is enough if the stone 
is saturated to a depth of about i in. 
Whitish brush marks may be cleaned 
either by rubbing with a piece of the 
same stone, or by refacing the stone, 
or by brushing with steel brushes. 
Should the solution not impr^nate 
the stone quick enough, it must be 
diluted with more water. The solu¬ 
tion should be entirely absorbed 
the stone in about one minute. 
Whatever is left over on the surface 
after this time sliould be wiped away 
with a r^, as the crystals formed 1^ 
the evaporation of the water would 
make a rubbing and cleaning of the 
8 2 
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stone necessary. A separate brush 
should be used for each solution, so 
that the reaction should begin in the 
pores of tlie stone. For larger surfaces 
atomisers or sprinklers may be used 
smjcessfuliy. 


•-flcacca*- 


Straw Plait and Woven 
MaTI'ING. 

There is so much similarity in the 
manufi«5turc of these articles tliat they 
readily admit of descrij>tion under a 
general heading. 

Straw-plait.—In tliis industry, 
Tusoiny holds a first place. All that 
which is known as L«^hom or Florence 
straw is raised on the hills which rise 
on each side of the rivers Pisa and Elsa, 
to the south-west of Florence. It re¬ 
quires a particular soil; in fact, ite 
swlaptability to the uses to which it is 
destined depends principally on the soil 
in which it is sown, which to ail ap- 
{learance exists only in this small dis¬ 
trict, out of the bounds of which the 
cultivation of straw is unknown. 

The grain of several of the finest 
(jualitiesof wheat, provided it Ikj of tlie 
kind that lias a hollow flexible stem, 
«in be used for seed. The soil must 
be tilled and prepared very much as it 
is for corn, but the seetl must be sown 
five times as thickly .as what is usual for 
other purposes, either in December or 
February; in tlie latter case the crop is 
gathered later. When the straw is full 
grown, and just before the grein begins 
to form itself in the ear, which usually 
is during the months of May and June, 
it is uprooted and firmly tied, close to 
the roots, in little sheaves, each one 
al)Out the size of a liandful. lilach 
little sheaf or memtd, it is called, is 
spread out in the shape of a fan to diy 
in the sun for tliree days, after which 
it is safely stowed away in biras. 

After the harvest is over, and the 
fields are empty, it is again spread out 
to catch the heavy summer dews and 
to bleach in the sun, during which 
process every sheaf has tocM^fuUy 
turned over every day, till it is equally' 
white on both sides. Here the culti¬ 
vator’s work ends and the manufac¬ 
turer’s begins. But before we leave 
the strawfields we must say a few' 
words concernit^ the<!a!iger8 to which 
this delicate, plwt is exposed during 
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the various stages of its growth and 
preparation. When youi 4 ' and small, 
it is, like otlier crops, liable to be 
drowned liy too much rain ; or if, on 
the other hand, the weather be too 
dry, its growth will Ije stunted. When 
full grown, a Htoi*m often injures or 
even destroys it in a couple of hours. 
A whole field of straw on the eve of 
being uproobid will Hoinetimcs 1x5 laid 
down flat on the gi*ound, and the fnig* 
ile steins will lie crushed, stained, and 
unfitted for use. Even if only slightly 
l»ent, the ends will turn upwanl again, 
and continue gniwlng, and the little 
knot or joint which is then formed in 
the stalk renders it almost unmarket¬ 
able. If the weather is only foggy or 
damp, the straw is ox[K>se<l to rust 
stains ; indeed it is at all times liable 
to tliese stains if not propiirly dried. I 
A peat deal of wind will dry and j 
shrivel it up, and lianlen it; it will 
also liarden the grouml and make it ifn- 
possible to upnK)t the straw without 
spoiling it, while it will lose its flexi¬ 
bility and bo unfit ft»r plaiting if the 
grain forms itself in the ear Iwfore it 
is uprocted. A shower of min will 
often spoil it after it lias Ixxm uprcsited 
and laid out to i\ry. U will 1x5 waUdied 
day and night if the weather is doubt¬ 
ful, and at the least ap|jroach of danger 
it is quickly pileil up and covered with 
mats, or else taken under shelter. If 
not properly dry, it must not be kept 
too long piled up, or it will ferment. 

A great deal is often lost in tliat way, 
for as it cannot 1x5 laid out again in the 
wet apd muddy fields, it will be sj^oiled, 
unless there are paved or gravelled 
places to spnMwl it out in. When per¬ 
fectly dry, its greatest dangers are 
over, for alt.liough watching is equally 
necessary during the bleaching process, 
changes in the weather occur less fre¬ 
quently and less suddenly in the more 
advan^ season, and with a little care 
it Is easily p'otected from auy serious 
damage. 

The next proceeding is the ^atura, 
as the process of carefully drawing out 
each single straw from its outer cover¬ 
ing or sheath is railed. Tins is done | 


by peasant girls who assemble for the 
purpose, ami hohling the slieaf firmly 
by the roots with one liand, they 
briskly pull out the straws one by one 
! with the other, tlie straw thus deprive<l 
of its outward sheaf l)eiug tied in little 
bundles, weighed, and put aside for 
plaiting. 

Before it is plaited, it must, how¬ 
ever, be first jtropcrly sorted according 
to the different decrees of its thickness. 
This is usually done by machinery, 
the straw being ingeniously shaken in 
an upright ]X)sition over a frame in 
I which exceedingly small holes are 
bored, through which tl>c very finest 
stmws alone can pass. What cannot 
get through is taken on to a second 
frame with slightly larger holes, then 
to a third, and so on through 10 differ¬ 
ent degrees of thickness. What re¬ 
mains is set aside for very co(U^ hats 
and other uses. 

The little bundles being now pro¬ 
perly sorted and numbered, according 
to the size of the straw, the heads or 
^rs are cut off, ami the stalks are cut 
across in the middle to separate the 
top ends from the bottom, or pedal% 
the former being used for the finest 
plaits, the latter for the more common 
ones. The bundles are then wetted, 
and arranged in circular rows one above 
the other in an earthen or wooden tub 
or other receptacle; and a small vessel 
containing lighted sulphur being placed 
: in the middle, the whole is well covered 
to prevent the fumes escaping, and the 
straw is well fumigated till it attains 
the proper degree of whiteness ; it is 
then exposed to the sun until perfectly 
(by, and is ready for phiting. If a 
jNirt of the straw gets stained in 
course of preparation, it is dyed and 
us^ for mix^ plmts or for coloured 
hats. 

Nearly all the pea^ts plait. Some 
make their whole living by it, others 
only plait in their leisure hours, while 
tending cattle, or during the long 
winter evenings. In some places men, 
women, and c^dreu all plait, and little 
else is done. Straw merchants go 
about once a week in their carts from 
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house to house, ciUling for the ready¬ 
made plaits, and leaving more bundles 
of straw to be worked. The plaits are 
made of different sizes and {xitterus, 
the usual plain ones 1l}eing made with 
7 or 11 straws, according to the width 
desired. An oj)en pattern can be 
made by plaiting in a whalebone, which 
is afterwards dmwii out, or the straw 
may be wound round a stick wliile 
plaiting, which when removed leaves 
a kind of curled edge on one or both 
sides of the plait. The plaits, if not 
found sufficiently white, can be ^in 
ble.ache<l and fumigivteil with sulphur 
before they are sewn into Iw-te or 
bonnets ready for wear. 

Straw can l)e sold at different 
periotls. It is sometimes bought “ on 
the ground ”—that is, before it is 
uprooted—in which case a sum is fixed 
upon for the whole field, and the risks 
and (xwts of uprooting, drying, etc., 
i^t with the buyer. It is more gene- 
, rally sold after it has been dried and 
taken home, and just before it is 
bleached, and then so much is given 
for each liundred sheaves, or memte ; 
if soldafterthe sjh’atura, tliatis, when 
cleaned and tie<l in bundles, it is sold 
by weight. The price varies according 
to the demand there is for it, and ac¬ 
cording to the quality of the straw. 
It has varied from 2 to 8 or 9 francs 
the 100 sheaves, so that it is impos¬ 
sible to give an idea of what can be 
gained or lost by straw raising. Ma¬ 
chinery has lately been used for work¬ 
ing straw, and a very pretty tissue is 
made of it, and used for making 
baskets, j^arasols, and other things; 
very pretty fanciful braids, fringes 
and t^els for trimmings are tdso 
made. The rich plait us^ for hats 
continues, however, to be made en¬ 
tirely by hand. (‘ Jour. Ap. Sci.’) 

There are three varieties of wheat of 
Jihe ^Iden plant (pianta ddla fla 
(2’oro),as8trawiscalledinTu8cany; the 
is called pontederas temone, which 
produ^ the best straw for hats; the 
sebohaj meunuoloy which is of a rather 
common ^uali^.;,and the santafioro, 
which ie only used for, pedals and 


braids. The pontedera* smme is sown 
in arid soil, while the other two varie¬ 
ties re(juire.a more fertile soil. Seed is 
sown in November and December, 
according to the season, the object 
being to have the grain well up before 
the lieavy frosts come, in the })ropor- 
tion of 11 hectolitres to each hectare, 
that is, alnml 12| bushels to the acre. 
It is sown as thickly as ixstsible, in 
order tliat the growth of the plant 
may lie so impoverished as to produce 
a thin stalk, at the same time having 
towanis tlie end from the last ki^ot 
the lightest and longest straw. Side 
hills, with a gravelly soil, and liigh 
meadow lands tliat luive IimI a surf^ 
ploughing and rough liarrowingi are 
specially adapted to the straw culture, 
low swampy grounds being generally 
avoided, as dampness when the stalk 
is well grown reuder.s the straw <U8- 
coloured and coarse. The ground is 
ploughed and dug up in June, and left 
in tins condition until November, when 
the soil is again turned up, and then 
it is ready for sowing. If the soil is 
very poor and thin, a very l%ht surface 
of manuring is ocias’on^ly used, but 
this is not frequently resorted to, as 
it is apt to render the stalk thin and 
brittle. The wheat blooms at the 
end of May or beginning of June; it 
is generally pulled out by hand by the 
roots when the grain is lialf developed. 
For uprooting the straw, fine continued 
sunny weather is selected, as the rain 
lias a very injurious effect upon it, 
often turning it black. When up¬ 
rooted, the branches are tied tether 
in sheaves, each sheaf or Ttienata is 
spread out in the shape of a fon to dry 
in the sun for 3-5 days, after which it 
is stowed away in btu’ns. The harvest 
being over, and the fields being only 
in stubble, the straw is again spread 
out to catch the heavy summer dews, 
and to bleach in the sun for-4^ days, 
but not the whole of the crop at the 
same time for fear of a sudden run. 
B’ormerly the yellow colour of Uie 
straw was preferred, but now the 
extra white is more sought after, 
^fore being ready to be m^e uj^to 
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braids, hats, and omamente, the straw i 
has to 1)6 again bleaclied, fastened in j 
small bundles, and classified. It is | 
then cut close above the first joint i 
from the tup, and again tied up in 
small bundles containing about 60 
stalks in each. These small sheaves 
are then submerged in clear water for 
4 or 5 minutes, and as soon as they 
become i)artially dried, are submitted 
to the action of burnt sulphur (in the 
J)ro|)ortioTi8 of 1 lb. to 100 bundles of 
straw)for three or four nights, in nsims 
adapted for the purp)se; during the 
day the floors of these rooms are left 
open. The classification of the straw 
is made according to length and colour, 
the ear or cud of the stalk liaving been 
previously cut off; all the straw below 
tlie first knot is used simply for for^e 
or l)etlding, as it is wortliless for the 
puri>OBC of making brahls or hats. 

Tlie plaiting of straw in England 
was usually done after the Italian 
method.* This consists in first care¬ 
fully sorting the straws to a like 
colour and thickness, then taking a 
fixed number, usually thirteen, and 
securing them together at one end. 
The straws are then divided into two 
portions, six straws l)eing turned to 
the left side and seven to the right, so 
that the two lots are at right angles to 
one another. The outer, seventh, 
stmw on the r^ht is then turned 
down by finger and thumb and is 
brought under two straws, over two 
then under two, and there are then 
seven straws on the left and six on the 
r^fht. The outer, seventh, straw on 
the left is now turned down and 
passed under two, over two and under 
two again, and so the plaiting is con¬ 
tinued, alternately doubling and phut- 
iz^ the outer seventh straw until used 
up, Another straw is then put in under 
the short end, in the middle of the 
plait, and by the crossii^ of the other 
straws over and under it the fasten¬ 
ing becomes secure. Fig. 158 will give 

• It mty be statwt here th*t this is prartl- 
etlly a dead tndwtry In Kngifuid, ifae Imik of 
i tbe straw pialt used coming ready made trom 
China. 


an idea of this plait, while Fig. 159 will 
affonl an idea how the edges are joined 
together, the dotted line showing how 
far the edge folds of one piece are 
inserted into those of the other. The 
stout thread that is run through «b 



thus quite invisible and the join can 
only be detected by a sightly increased 
tliickness. 

Plaiting is usually done in the 
spring, chiefly liecause the fingers are 
not so BUf^le in winter, while in 
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summer they are apt to soil the straw. 
The tarnish of fingers in summer, or 
smoke in winter cannot be cleaned off 
effectively. 

With straw grown in England; if 
fine work is required, the straw must 
bo split. The w'hitest and m(»t 
hu* straws are selected, cut to equu 
lengths, then bitched (commonly in 
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fumes of sulphur). They are now 
split lehgthways into several pieces. 
This is done by means of a B[)ecially 
formed wire which is puslied up the 
straw, this wire liaving four, six or 
eight sides, the angular edges l)eing 
sharp, so that they cut and divulc the 
straw into four, six or eight strips. 
These strips are softenetl by soaking 
in water and ovii tiien be plaited. 
When sufficient plait is made it is 
pressed by being passed between 
wooden rollers wliich makes it hard 
and flat. In forming a liat of tliin 
material, a wooden block is provided 
and the plait is wound round u|)ou 
this, each plait slightly uver>lap])ing 
the other so tlial they can be sewn 
together. Tlie whole work is after- 
w^s pressed with a liot iron. 

PamvM Hats .—These are miule 
from the plant CaHwlotnm pahuita, 
whose leaves are 6-14 ft. high, and 
4 ft. wide. In the Isthmus of Panama 
the plant is called portorico mdjipi- 
japa, but the last name is the most 
common, and is diffused all along the 
coast as far as i^eru and Chili; wiule 
in Ecuador a whole district derives its 
name from it. 

The jipijapa is common in Panama 
and l^rien, especially in half shady 
places; but its geographical range is 
by no means confin^ to them. It is 
found all along the western shores of 
New Grenada and Ecuador; and it lias 
beenfoundevenat Salango, where, how- 
ever,itseems to reach its most southern 
limit, thu8extendingoverl2degree8of 
latitude from the tenth N to the second 
S. The Jipijapa, or Panama hats, are 
principally manufactured in Ver^uas 
and Western Panama; not all, how¬ 
ever, known in cu inmerce by tliat name 
are plaited in the Isthmus ; by far the 
greater proportion is made at Manta, 
Monte Chrati, and other piu-ts of 
Ecuador. The hats are worn almost 
in the whole American continent and 
the West Indi^, and are greatly used 
in Europe, They are distinguished 
from all otbei^ consisting only of 
a sin^e p^, and by their l^htness 
and flexibility. They may be roUed 


up and put into the pocket without 
injury. In the rainy season they are 
apt to get lilack, but by washing them 
witl) soap and water, b^mearing them 
with lime juice or any other add, and 
exposing them to the sun, their 
w’hiieuess is easily restoreil. 

The process of making these Iiats is 
as follows: The “straw," previous to 
plaiting, has to go through several pro¬ 
cesses. The leaves are gathered before 
' they unf4»ld, all their ribs and coarser 
' veins arc removed, and the rest, with¬ 
out being sejwatcd from the base of 
tlie leaf, is reduced to shreds. After 
having been put in the sun for a day, 
and tied inUi a knot, the straw is im- 
merse<l in boiling water until it be¬ 
comes wliite. It is then hung up 
in a sliady place, and sulwequeutly 
bleached for 2-3 days. The straw is 
now ready f»)r use, and in this state is 
sent to different places, esfKJcially to 
Peru, where the Indians manufacture 
from it beautiful cigar cases, w‘hich 
I have l)een sometimes sold in Europe 
I for Q/. apiece. The plaiting of tlje 
' liats is very troublesome. It com¬ 
mences at the cn)wn, and finishes at 
the brim. They are made on a block, 
which is placed upon the knees, 
and requires to be constantly pressed 
with the breast. According to their 
quality, more or less time is occupied 
in their completion ; the coarser ones 
may lie finished in 2 or 8 days, the 
finest take as many months. The 
best times for plaiting are the morning 
hours and the nuny season, when the 
air is moist; in the middle of the 
day and in dry, clear weather, the 
straw is apt to break, which, when the 
hat is fluished, is betrayed by knots, 
and mucfi diminishes the value. 

Dyeing Straw.—As a rule, straw 
goods should be well steeped, and then 
treated with alum, orchil, and ind^o 
extract, and yellowed with turmeric. 
The shades most in demand are black, 
brown, and grey. 

Black (for 25 hats): Lc^ood, 4 lb. 
6 02 .; bruised gaDs, l7Jo2.; turmeric 
or fustic, oz. Boil for 2 hours, 
and then steep in a beck of black 
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li(juor (crude iron acetate) at 4” or ; 

K, ; rinse in several waters, dry, 
ainl rub with a brush of dogs’ grass, to 
bring up the jwlish. 

Oret /.—This sliadecan be obtained 
only on very wliito straws. Steej) in 
a bath of soda crystals to whicli a little 
lime water has l)een added, to causti* 
cise the alkali. The purpose of this 
wjwhing is to remove iill traces of sul¬ 
phur from the straw. For liats, 
hike : Alum, 4 lb. 6 oz. ; tartaric acid, 

oz. Add aminoniacal cochineal and 
indigo extract according to the shade 
ilesirwl. By making the one or the 
other of these wares prcilominate is 
obtained a reflection nitire bluish or 
rcddisl), a little sulphuric acid is added 
to the beck, to neutiulise the alkalinity 
of the annnoniacal cochineal. The 
hats are ls>ilcd in the dye for about an 
hour, and rinsed in water slightly 
acidified. 

Maroon (25 hats): Ground sjmders, 

1 lb. 10 oz. ; turmeric, ground, 2 lb. 
a oz. ; bruiseil galls, 7 oz. ; rasped 
logwtHxl, 21| oz. Boil in a kettle S(» 
nsimy that the hats may not l)e 
bruisetl. Itinse. Stee|) overnight in 
black Ihjuorat 3*^11.,and rinse in several 
waters. 'Fo pn)duce a thH‘|ter black, 
return to the first beck, which is 
strengthened by an addition of sanders 
and logwood. Pidisli as for black. 

J/amjia .—This slunle l>cing adegra- 
(lution of maroon, mayobtained by 
the same process, reilucing the propor¬ 
tions by J or and omitting steeping 
in black liquor. The bats may be 
BtMiked fora night lieforcdyeing in 4|- 
lb. of alum. (‘Mon. de Teint.’) 

In order to obtain a level bW^k 
colour, a solutioti of gluten isadded to 
a lye of sinla, which is allowed to stand 
for 24 hours, and filtered. 1^10 liats 
are then steeped for 12 hours in the 
clear liquid. The straw is tlius freed 
from gro^, and the monlants of 
nitrate, sulphate, or acetate of iron, 
as well as the decoction of logwood 
ihized with sumac or galls, is very 
evenly taken up by the fibre. A sliglit 
addition pot^ bicliromate im¬ 
prove the tone of the dye, and the 


goods are finished with gum or gela¬ 
tine. (‘Ba^len Gewerliezeit.j 

Woven Matting.— RussianMat- 
timj .—Mats of lime (linden) bast form 
in Russia the object of a considerable 
trade. In tlic montlis of May ^d 
June, when the lising sap renders it 
easy to fieel off the liark, the peiwants 
go out to the forest for this purpose, 
with their wives aTid children. The 
lowci- part of the bark is usually em¬ 
ployed for i-oofing, lieing first warmed 
and jiressed so that it may not roll up; 
they get in tins way pieces 5 ft. long 
and 3J ft. wide, costing 4{/. each. 
The Ijark from the upper pirt of the 
stem and the bninidies is tied up in 
bundles, which are laid in water, where 
they are allowed to macerate till Sep¬ 
tember. 

They are afterwards dried in artifi¬ 
cial heat, and divided iuto tliin fine 
strips, wliicli are woven into mats of 
ditForent strengths, according to the 
various jiurjswiis for wluch they arc 
to Ixj used. I’hey weigh 2-7 lb. each. 
Tlu! heavie.st, and .strongest, are sold at 
the nwrket of Nisclmi-Novgorisl. 

Chinese Matting.—The United 
States (Consul at Canton re|K>rt9 tliat 
the manufacture of matting is exten¬ 
sively carried on in China, especially 
towards the soutli, where it is one of 
the most, inqxirtant industries en^ged 
in. Knurinous quantities of matting 
are made butli for export and home 
use, much Itciug used as sails on the 
native saUing ci^t, as it is cheaper, if 
not more durable, tlian tlie ordinaiy 
canvas or sail-cloth. It is idso us^ 
as coverings foi- lioxes and packt^es in 
which tea, sugar, cassia, etc,, are ex¬ 
ported ; also in making money bags, 
it l»ing a very convenient mode of 
liandliugdolliu's.especially when broken 
up into small pieces by the constant 
stamping or chopping ’’ of the dollars, 
as is the custom in CMna. The plant 
from which the mat sails, et^, so 
extensively used in Cliina, is obtained, 
is known os “aquatic grass,” also as- 
“rush.” It is cultivated in the Shui* 
lung department on the West River, 
about 75 miles in the interior from 
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Guiton. is grown in the same way 
as rice, in nelds flooded witli water. It 
requires very little care in its cultiva¬ 
tion, as it propagates itself by shoots 
from the root, and attains a height of 
6-8*ft. It is brought to market in 
bundles of about 12 in. in diameter, 
and if of proper length and go(Ml qua¬ 
lity, sells at about lOd. i)er bundle, 
each bundle being sufficient to make 

4 bed mats, or 6 such are used for 
making sails. The di.strict of Tung 
Kuan produces large <|uantities of this 
grass, but of a species used almost 
entirely in the manufacture of floor 
matting. It is said to gn)w l)ett«r in 
the vicinity of salt water, where the 
water flooding it is somewhat brackish. 
It is planted usually in the month of 
Juno from slips. These are allowed 
to grow for aljout 2 months, when they 
are replant^l in rows. The soil being 
plentifully manured with bean cake, 
it require nearly 12 months to mature, 
when it is cut, the shoots or straws 
are split with a knife, and, when 
partially dried in the sun, packed in 
bundles,' and manufactured into mat¬ 
ting at the city of Tung Kuan, or 
brought to Canton, where there are 
sevei^ extensive manufactories. When 
brought to the factory, the grass is 
carefully sorted, it is then ma<le into 
bundles of 2-3 in. in diameter, and 
placed in lai^e earthenware jars, liold- 
mg about 10^. of water; it is allowed 
to remain thus in soak for 3 days, 
when it is taken out and dried in the 
sun for a day. If it is to be dyed in I 
the ordinary red colour, which has l)een 
for years much in vogue, it is placed 
in jars containing a liquid dye, made 
by 8<xkking red sapan-wood cliips in 
water. It remains in these jam for 

5 (lays, then dried for a day, afterwards 
c^ain immersed in the dye for 3 days, 
when it is usually ready for use. It 
is only within the past 2 or 8 years 
that other colours, such as green, 
yellow, and blue, have been u^ to 
any extent* The solution for colouring 
yeUow is produced from the seeds and 
flowers ox a plant common to China, 
.^he Auf A colouring matt^* 


is also made by boiling, for several 
hours, 25 lb. of the dri^ flower-buds 
of Sophora Ja/ptynka in 100 gal. of 
water, and adding, when cooled, 1 Ib. 
alum to each 10 gal. of the solution. 
Green and blue are produced from the 
twigs and leaves of the lamyip, or blue 
plant, which grows in abuucknce near 
Canton. To the solution thus pro¬ 
duced a small quantity of chemical dye 
is now usually added. In dyeii^ these 
colours, the straw is soaked in water 
for 7 days, and then immersed in the 
colouring matter for a few hours only, 
the solution being hot. Consul Lincoln 
states tliat in a recent visit to one of 
the largest manufactories, he found 50 
looms being worked, 8 of which were 
large. The large ones are exactly the 
same as the onlinary silk loom, and 
are used in making the very wide, and 
also the damask or carpet patterns. 
The siQall loom is composed of 2 up¬ 
rights, driven into the ground, about 
5 ft. apart, and about 4 ft. in height, 

2 cross-bars fitted into sockets in the 
uprights, one at the top, the other 
about 8 in. from the ground. The 
warps, which arc strings of Cliinese 
hemp, 2f yd. in, length, are then 
passed over the upper, and round 
beneath the lower cross-bar, through 
the holes in the wming bar, and, 
being drawn taught, are fastened by 
both ends to a long, thin piece of 
boo, placed parallel with, and just 
below the lower cross-bar. The weaving 
bar, and the most important part ctf 
tlie loom, consists of a piece of wood, 
varying in length according to the 
width of the matting required, and 
about 2 in. square; through this, small 
holes are pierced at different intervals, 
into which the warjra are passed ; the 
bar can thus be worked up and down 
in the warps by means of handles near 
the extremities—these holta vary in 
distance from each other accoiding to 
the pattern desired—^temately on 
top and bottom. The holes are en-- 
laired, or formed into slots, converg-T 
ing at the centre of the stick, When 
the warps have been thus arranged, 
and bundles of diflerent coloured 
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straw, Ruffieiently damp, deposited 
near the loom, one of the b(jyH raises 
the weaving bar to the top of the 
war}>8, tipping it forward, the slits in 
the bar allowing the alternate warps to 
remain perpendicular, the holes carry¬ 
ing the others forward, thus seiiarating 
them sufficiently to admit of a single 
stmw being passeil between them. 
This is done by a long fiat, piece of 
bamboo, a notch being cut near the 
cn<l, into wliich one cud of the straw ; 
is })]aced, and then uscil as a shuttle. . 
When the kvinixio is withdrawn, the 
weaving l)ar descends, carrying the 
straw' to the bottom ; the liar is then 
raised again and tipfied down, thus 
carrying tlie warps Iwickward wliich 
had just before l)een passed forward, 
the work of the slmttle being repeated. 
As the weaving Ijar presses the straw 
down, thew'eaver gives the ends of the 
straw a half-turn round the putside 
warps, the operation Iteing repeated 
until the warps are full, the edges 
triminoil, tlic warps untied, the mat¬ 
ting now 2 y<l. in length removed, and 
a new set of warjjs ])ul on. The 
matting thus woven is then dried in 
the sun, and over a slow tire. The 
shrinkage consequent on this drying 
is nearly 4 yd. in 40. When dri^ it 
is stretched on a frame and worked 
down tight by hand, then sent to 
the packing-house, where ineu are 
engaged in hastening the 2 yd. lengths 
together, it re<juiring 20 lengths to 
m^e the ordinary roll. The fasten¬ 
ing together is done by taking the 
projecting en<ls of the warps of one 
piece, and by means of a lai^e liandwo 
needle, })assing tliem backwards and 
forwards through the reeds of another 
piece, in fact, sewing them together; 
each roll of 40 yd. is then carefully 
covered with a coarse, plain, straw mat, 
marked and numbered ready for ship¬ 
ment. 

The following remarks by Dr. Hance 
^may be taken as supplementary to 
*the above. The jdant used for sails 
of native craft, or for covering boxes, 
and described in the United States 
Consul’s report as an ** aquatic grass " 


or “rush,” is a (^peraceoi^ plant, 
known to liotaiiists as Lepirmw, mt«5- 
fomta. It is recorded as a native of 
the Indian Archipei^, Australia, 
and Madagt^car. Of the mattii^ made 
from this plant, Dr. Hance says 
natural colour is a j»le brown, nor is 
he aware that< it is ever dyed, nor, so 
far as he knows, is it ever exported to 
foreign countries, except, doubtless, 
in the form of bed mats for Chinese 
residing in Australia and California. 
It is certainly remarkable tliat a plant 
of coniiaratively limited geographical 
distribution, and in none other appa¬ 
rently of its native localities turn^ to 
any account, should furnish the raw 
material for a vast manufacturing 
industry, and, pcrha[», still more 
strange, iliat the source of this should ’ 
not ^fore have been discovered. As 
in the case of J/ydropyrmi latifditmy 
which supplies tliousands of tons of a 
favourite vegetable, it shows how 
much we may have still to learn, even 
at the oldest and most fref|uented 
marts of trade, concerning the uses 
to wliich many apparently insigniScant 
plants are put. The attention of the 
authorities in our possessions in the 
Straits of Malacca, and of those of 
Netherlands India might be advan- 
tf^^)U8ly directed to encoun^ng the 
cultivation of this plant, and so de¬ 
veloping a large and profitable manu¬ 
facture. 

liegarding the floor matting, which 
forms such an important tr^e with 
America that it ranks in point of value 
about sixth or seventh of all articles 
shipped to foreign countries from 
Canton, the whole of tliis matting is 
woven from tlie culms of Vypma 
tegeti/wfnia. It does not seem to be 
known what the hui-fa plant is, from 
the flowers and seeds of which a yellow 
dye is prepared, but Dr. Hance is of 
opinion tliat the or blue 

plant, is referable to the natural ordor 
Acanthaceco. 
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Stuffing Box Packing. 

The question of selecting a thorouglily 
reliable stuffing l»ox packing is un¬ 
doubtedly one of the most inijKirtant 
items in the nutnngcment of sterim 
plant. So many varieties of jiacking 
are now marketed that the problem 
Itecomos bewildering. As a matter of 
fafil thei'e are many CHtablisliments 
where the engineer in eharge of the 
steam plant could not give off-hand 
his venliet {is to winch picking he 
finds most suitable. Others, again, 
will only have a pu;king composed of 
a hard or metallic sulwbince, and 
again, tlierc arc those who prefer a 
soft, fibnms, or ruhlier mixture. 

Modem steam pnwticc lias relegateil 
to tlie category of the old fashioned, Ji 
host of jwckings conijiosod of cotton, 
hemp, asbestfw, soft metals, graphite, ' 
grease, etc., singly or in combination, j 
Under cerhiin cii’ciimsUnces, however, , 
a number of these pickings give fairly 
satisfjict<«*y results, but the aim of all , 
packing experts lias licen to prinluce a 
material which would la? eijuall}’ effi¬ 
cient whether cmployetl on steam, I 
hydraulic or other plimt. I 

The action of high steam pressure ! 
and superheated steam on the majority ! 
of soft packings results in these latter | 
rapidly becoming hard and dry, in 
consequence of which it is practically j 
impossible to keep the rod tight. Tn | 
such cases the renewal of packings ' 
becomes not only a frequent and 
troulilesome, but also an expensive 
operation. j 

Metallic pickings have remedied a > 
number of the deficiencies exjierieiKtetl | 
with soft packing, but not all. This \ 
class of packing is generally all right < 
until it requires tightening up, when, ' 
especially if the rod be wont, trouble ' 
invariably begins. Again, even when ' 
the packings referred to give fairly 
.satisfactory r^ults the rods must he j 
kept lubrioated from another source. I 
A Ister development is the Klinger ! 
packmg(F%. 160),iu wliich theadvau- ' 
tages of metollio and soft packing are ' 


combined, it l)eing])rincipally composed 
of a Hjiec.ial |tficking material of a soft, 
fibrous, Hclf-lubriwitive chanicter, which 
in adilition, possesses very high heat- 
resisting (jualities ; only a very thin 
cover is employed, and that solely to 
kee[) the other imleii-il togetlier. 



Fig. ifiO 


The surface of the picking, w!u(!li 
comes into contact witli the rod, and 
wliich, naturally, is subjected to all 
the wear, is proviilwl witli a metal 
strip having slit ijerforations, through 
wliich, wh(;u the slutting Ikix gland is 
pro(mrlyiMljust(‘d, just that amount of 
picking needful for making a tight 
joint is pressed, lliis device is both 
novel and ingenious, and as a result, 
even with su{)erheate<l steam, a per¬ 
fectly reliable joint is obtained. The 
lubricative character of the picking 
reduces the wear and tear of the rod 
to a- minimum. The expedition witli 
which it can lie placed in pisition is 
another of the features of this new 
packing. 

Specimens of the new packing, 
which hjivo been in service for a con- 
sidenible |)eri(sl, show mu(di less signs 
of dcterionition tluin other packings 
which have done duty for only the 
same period. As a guide to the engi¬ 
neer, the jiacking is coloured red on 
that side on which is the slotted 
metallic strip previously referred to. 
The packing is wjuai% in section, and 
bulk for bulk—and this in the case of 
packing is an important point—is 
much lighter than many packings on 
the market. 

The illustration shows how the ' 
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various constituents arc arranged, and 
will demonstrate that the umkers liave 
given such attention to the subject of 
what really constitutes an efficient 
packing that they have discarded prac¬ 
tically all previously held notions and 
have procluccfl something at once 
original and umijus. 




Suction-Gas Peoducek : 

THE WOEKING PElNCIPLl OF. 

Thk first two pages devoted to .this 
subject contain matter c^itracted from 
a series of Cantor lectures, ilelivered 
by Dugald Clerk, M.Inst.C.E., before 
the Uoyal Society of Arts. 

The suction pniducer is already well 
established, and many hundreds of in¬ 
stallations are now at work, and oper¬ 
ating with great success. In the 
original Dowson pressure producer a 
tire is lit witliin a firebrick casing, and 
a mixture of air and steam is blown 
under the grate and into the hre by 
means of a steam jet from a steam 
boiler, the steam jet inducing an 
air current. The air and steam mixed 
pass through the anthracite and <lc- 
compose the fuel; that is to say the 
steam is decomposed and the airlion 
combined with the oxygen of the 
water and the oxygen of the air, form¬ 
ing carlx)mc oxide gas, os represented 
by the formula.— 

C -f 0 = CO . . . . (1) 
and C-f H.O +CO . (2) 

Steam cannot be decomposed with¬ 
out the addition of heat, but steam in 
the presence of red-hot carbon, or a 
little more than red-hot carbon, will 
decompose, and carbonic oxide and 
hydrogen are obt^ed, but this action 
absorlm heat. The combustion of the 
carbon as set out in the first equation 
gives out heat, which is utilised accord¬ 
ing to the second equation to break up 
the steam. The function of any pro¬ 
ducer, however, of the pressure or 
suction type is to utilise the h^t from 
the combustion as much as possible so 
as to give, instead of the solid oai'bon 
in theauthradte, a mixture of 
fuel, carbonic oxide, and hydrogen, 
with diluting nitrogen, in order to give 
a fuel suitable for introduction into 
the gas engine or internal combustion* 
cylinder. Theoretically, that trans¬ 
formation from the solid ceubon by 
means of air and steam can be m^de 
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without loss, but practically there is 
always some loss. If it were possible 
just to keep the furnace at the tern* 
perature at which all the heat that 
left the furnace would bo taken up for 
heating the entering steam, it would 
be possible to get a reaction which 
would give a 100 per cent, of the heat 
in the form of cold gaseous fuel ready 
for the gas engine; but there is always 
a ratio of imperfection or ineihcieucy, 
and in the praasure producer the usual 
(nx)portion of heat converted into gas 
ready for the engine is about 75 per 
cent, to 80 per cent.; that is, 100 
heat units given solid anthracite 
give 75 or 80 units in the form of car¬ 
bonic oxide and hydn^n in the pres¬ 
sure plant; 76 per cent, to 80 per cent, 
u a better result than is obtained in 
most steam Ixtilcrs ; but in the suction 
gas plant even better results can be 
got. My colleague, Mr. Adam, made 
a test a Dowson suction plant some 
month ago, with the object of finding 
out the exact number of heat units of 
the fuel converted into gas, which was 
ready for use in the engine, and he 
found, as the result of nearly a fort¬ 
night’s testing, that eveiy 100 heat 
units put into the suction producer at 
Dowson’s Works gave out a matter of 
about 90 heat units, in the form of 
gas suitable for use in the engine. In 
the pr^ure producers a steam boiler 
or a blower has to be used, and water 
has to be evaporated to go in with the 
air, and to decompose the steam and 
w by means of incandescent fuel. In 
the suction producer all that is done 
away with. The producer is started 
a small fan worked by hand for 
about ten minutes, the whole of the 
mass of anthracite becoming iucand&i- 
MDt. Water is supplied continuously, 
and is evaporised and drawn in by the 
air pawong through the producer. At 
tlie start the hand fan is blowing gas 
through the apparatus, and to a 
near the gas engine to moke sure 
that^^e enane is ^tting a proper gas 
suppfy. "^en the gas becomes rich 
enough, the &n is stopped, and the 
engine is started m any usufd way, and 


then begins to draw gas through the 
producer in exactly the quantity re¬ 
quired for its opemtion, no fans or 
blower being re<iuiretl. The mixture 
of steam and air sucked in through the 
producer gives carlx)Dic oxide, hydrogen 
and a little light hydrocarbon. The 
gas formed, with nitrogen from tlie 
air, goes to the scrubber, wiiere it 
passes through coke over which a con¬ 
stant stream of water is pumjied. The 
gas jwsses through a little sawdust to 
take any final tar out before it reaches 
the engine. This arrangement is found 
to be exceedingly efiective, and it is 
comii^ into use very largely all over 
the world, because it lias a very high 
efficiency, and there is no danger at¬ 
tached to it. There is no danger of 
{:>oisonous or iiillummalile gas. The 
gas in the producer i.s in the pipes, 
and always at a prossure a little below 
atmospiiere, because it is being sucked 
into the engine by the motion of the 
engine itself, giving an extremely 
handy and simple producer in a form 
that anyone can work, however un¬ 
skilled. The producer may Iw placed 
in comparatively conlined spaces, and 
without any danger of gas poisoning, 
which was one of the dangers of pres¬ 
sure producers, and, consequently, all 
over the world these suction producers 
are coming into use. TaLng the 
ordinary price of anthracite delivered 
—in the tests which Mr. Adam made 
it was 24s. a ton—and taking a National 
engine of 40 horse-power, the price 
works out for 1 horse-power hour at 
rather under one-ninth of a penny. 
That is an exceedingly economical re¬ 
sult, which practically no steam engine 
with anytliing like the same dimen¬ 
sions can attain. Speakii^ now of 
the future, although many of these 
producers are working at the present 
time, yet the future development is 
likely to be enormous; the competition 
with coal gas will be very keen ; and 
the competition with o^er kinds of 
power will also be very great. 

A very great point about the subtion 
producer, in addition to its being a 
motive power much cheaper than con 
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be got with coal gas, is the possibility 
of its appliuatiuu in many other ways, 
and for many other purposes ; for 
example, fur ships and motor cars. 
There is a large field open to the 
ec^ueer wlio can successfully apply I 
suction producers on board ship. I ; 
may say, of course, tliat Mr. Dowson | 
is the oldest of the prtiducer inventors 
and producer manufacturers, and I 
have given his name the preference ; 
but nearly all engineering firms who 
build engines now, build producers as 
well, so tliat we can have suction pro* 
ducers for practically any purpose. 

The sizes of the suction producers 
in operation at present in Britain vary 
h*om alxmt 5 horse, as the lowest, up 
to about 500 borae, as the highest. 
There are pressure producers also ; 
using anthracite which go up even as j 
high as 3,000 horse, not in one unit, 
of courae, but in several units. With¬ 
out doubt the suction producer offers 
very serious rivalry indeed to coal gas, 
and to compete with it on equal terms; 
the ordinary coal gas would require to 
be delivered to the consumer at about 
9d. per 1,000 cubic feet. 

Many attempts have been made to 
utilise cheap bituminous fuel for pro¬ 
ducers, but BO far the early commercial 
stage only has been r^hed. Com¬ 
mercial success here will come in the 
near future, owing to the great further 
reduction in the price of fuel for gas. 
In the present suction producers the 
fuel us^ is anthracite, and anthracite 
in London, and wherever there is much 
carru^e, comes to about 24s. a ton. 

If one could use ordinazy engine slack, 
whmh can be got at most places at 
10s. or 12s. a ton, or even less, one 
would have a corresponding reduction 
in the cent of motive power, and in¬ 
stead of coming out at a ninth of a 
penny, the cost m%ht run down to as 
low as a twentieth of a penny.* 
Messrs. Crossley have recently pro¬ 
duced a bituminous producer which 

* Scotch anthrsette caa be delWered at 
OUsgow at 15s. per too, so that iu Scotland 
power Day be obtained at a cost of about ^tb 
' of a peoDT per borsepower-boar. 


I have seen at work, and it was work¬ 
ing very well inde^. It is rather 
larger and has more plant about it 
than an anthracite producer, but still 
tlie fuel is so cheap tlD.t no doubt it 
is worth a great effort to get scmie- 
thing of that kind. Other attempts 
have been made, and 1 wish to dis- 
tiuguisli between the two classes of 
thc»e attempts. There is not much 
difficulty in making producer-gas for 
gas engines from bituminous fuel, if 
you are content to put up a lar^e 
i»:rubbii^ plant such as is used wiUi 
the Mond producers, and such as is 
used in a gas works ; but people using 
steam boilers accustomed to see a 
very large generation of power in a 
very small boiler space, and they do 
not look upon the large cc»tly phmts 
which are used in some places, although 
very useful, as solving this particu^ 
problem of getting a producer that 
will work just like a ste^ boiler with 
the ordinary fuel. 

The Mond gas differs jhom ordhary 
jn-oducer gas in this: in addition to 
makii^ the gas, the ammonia' that is 
in the coal is saved. Many coals con¬ 
tain a proportion of nitre^en, and if 
these coals on being decomposed are 
not heated too highly, ammonia is 
formed and is not decomposed. To 
keep the temperature of the producer 
down sufficiently, the Mond practice 
is to flush the ps'^ucer through with 
a very laige volume of steam in addi¬ 
tion to the air—much more steam 
than is wanted for the chemical decom¬ 
position. «About 2} tons of steam are 
used for every ton of fuel. The inflow 
of steam into the producer has two 
purposes; the one is that H keeps 
down the temperature and prevents 
the ammonia being lost; the other is 
that it prevents tlie formation of 
clinker, and the stopping-up of the 
producer. In this arrangement to 
get tlie ammonia out, it is necessary 
after scrubbing and getting the tar 
out of the gas to scrub the gas in 
great add towers, making quite a gas 
wio'ks iustallatiou. Tl^ does not 
belong to the type with which I oon- 



of ordinary coal-gas. Tlie consequence 
is that to distribute this gas over 
Ufge areas it is necessaiy to put it 
under very much heavier pressure than 
is iiSed with Coal-gas. The iustfdktion 
is tiierefore provided with a compres¬ 
sing hou^e^ intended to compress the 
gas for d<^very in the mains. Mr. 
Humphrey states that a test was 


that it is thought tliat ample pumping 
plant and ample pipe accommodation 
have been provided to take the enor¬ 
mous volumes of gas necessary in this 
system. It will be very interwiting 
iiideed when this installation starts. 
It is one of the largest and most im> 
portant experiment in progress in 
the world, and all engineers look with 
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interest upon it, and wish it every i regulating the feed drip cock. The 
possible success. I heat of the gases is t^ain utilised out- 

The Royal Agricultural Society of j side the generator by placing concen* 
England decided to offer, at its l)wby | trie water tubes witliin the gas pipe, 
show, 1906, a first prize (gold medal), i Cold water is fed to the inner tUM to 
and a second prize (silver medal), for within a few inches of the ^tt6in®of 
suction-gas plsmts working under prac- enclosing tube. The water, becoming 
tical conditions with ei^pnes attached, heated as it passes up the outer space 
and, needless to say, the trial was a between the inner tube and the gases, 
very exhaustive one and based on the rises to a point sufficiently above the 
fairest possible conditions. The Dow- i adjacent generator to cause it to be 
son producer (of their latest design) i deposited at the uppermost portion 
did not Hucce^ in ^ning the ^t | of the spiral rib already referred to. 
prize, but as stated in Tke Qa% and The sensible heat of the gases is also 
Antriwe the producer (which 1 utilised to heat the air supply by 
is here illustrated in section, Fig. 161) j means of an outer jacket, the ^is pipe 
responded to all degrees of load. The being equipped with baffles to cause 
engine was exactly similar to that ^ the tur to come into intimate contact 
exhibited by the {National Qas Engine ; with hot surfaces of metal. In this 
Co., with the exception that the com- highly-heated condition the air is able 
pressiou pressure was 15 lb. per sq. to al^rb much more moisture than 
in. lower, being only 135 as compared when at atmospheric temperatures,, 
with 160. Tlie combination ran re- and it is straightway led into the 
markably well, and there is litUe vaporising chamber at the top of the 
doubt tliat the performances, although generator, where it mixes with the 
not guning an award, were excellent, steam and from which it is drawn*by 
The producer tliat guued the gold the suction of the engine through an 
me<^ was tbit made by the National external pipe comiection to the space 
Oas Engine Co. This is illustrated at below the fire bare. In operation the 
Fig. 162. The producer, however, is J external pipe is v^y sensibly hot, and 
entirely dissimilw from the Dowson I this sufficiently demonstrates the effi- 
generator, as may be seen from the ■ cacy of the steam-raising and air-heat- 
accompanying illustration, and is un- | ing devices. The amount of steam 
like any other producer now upon the ^ generated is always under the control 
twket in many ways. The generator, i of the attendant, and even under 
with its lining, fire-doors, and fuel I severe test involved in the application 
valves have no uncommon features, of full load suddenly, after a two 
but the methods employed for heating hours run “light,” this producer was 
the air and generation of steam are one of the few that responded without 
veiy eff^tive. Advantage is taken of difficulty. 

the maximum temperature of the es- The “Crossley” plant succeeded 
cap^ gases from the fuel bed for in gaining the silver medal, this pro- 
raising steam before any radiation 1 (»b ducer being illustmted at 163. 
is possible, by arranging a steady This consists of a cylindrical firobrick- 
stream of previously heat^ water to lined chamber, separated from the 
drip from a number of circumferential outside metal skin by a coating of 
ribs, gradually increasing in width, sand. The firebrick lining rests on a 
cast round the exterior of the chamber metal ring supported on two cast-iron 
enclosii^ the gas space above the fuel, {^mental-shaped^xestermed^super- 
There is no great absorption of heat heaters,” placed at the hottest pMl; of , 
by a large quantity of water com- the fire and mounted on a fiat plate 
monly placed in a nmilor position, but carried right across the producer. Thu 
tiie stram {a quiriU^ and effectively plate has a hole in the centre in whidi 
generated io any dmred quantity rest the bars of the firegrate. In this 
4 T 
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Bteam-pipes form the connection be> 
tween the saturator and superheaters. 

Producer ^ is obtained by passing 
air and steam through incandescent 
fuel. Two simple reactions take place, 
expressed by:— 

,C + 0,=,G0 
C + HjO = CO + H, 

That is to say, tlie oxygen of the w 
cumtunes with the carbon of the fuel 


the requisite steam is raised in the 
saturator mentioned above extract¬ 
ing the heat of the gas as it passes 
from the fire. All such [dants to be 
economical must work on the “re¬ 
generative ” principle. The oldw fbna 
of producer, in which even for small 
sizes a steam boiler was required, 
cooled the gas before sending it to the 
engine, passing it through the at¬ 
mospheric coolers, or, in other words, 



Me 163. 


to form carbon monoxide, and the , coal was first burned under a boiler to 

add heat that was finally wasted. The 
forward motion d the piston of the 
engine draws theairandsteam through 
the producer. This does away with 
the necessity of a fan to force air 
ultimate composition of the ^ is— j through the fire, and has this further 
(xmibustiblee CO, H,, and CH 4 , di- ' advan.tage that when the engine 
Inted with the non-combustibles CO, < governor cuts out the charge no gas is 
and N,. j made and no coal is burned in the pro- 

In the suction pluit, here descril^, ' ducer. A great (Hffiouity met with ia 

T 2 


steam together with more carbon forms 
more of the monoxide and free hydro¬ 
gen. In addition to this, a certain 
amount of marsh gas, CH^ and carbon 
dioxide, CO,, are formed, so that the 
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designing suction gas plants was to ob« 
tain a uniform quality of gas with 
vaiying loa^. When the engine 
governor cut out a number of charges 
steam continued to l)e raised; this 
hlled the steam spaces, and the subse* 
quent charge was exceedingly inflam¬ 
mable. It moreover cooled the fire in 
its production, with the result that 
after the temporaiy richness bad passed 
off, the gas produceil at a lower tern- 
jjeraturo was of poorer qmility. Tliis 
difficulty is got over by having one or 
more cocks opening from tho air space 
above the water in the witurator into 
the open air. Throi^h these openings 


I With anthracite at 21s. id. the cost 
of fuel per B.H.P. is one-tenth of a 
penny per hour. At full load on the 
engine the producer will not consume 
more tlian seven-eighths of a pound 
per B.H.r. per hour. A gas engine 
combined with dynamo running from 
a suction plant fonns a very convenient 
set for elec-tric light work. With such 
a combination tlie kilowatt can be ob¬ 
tained for very little over one pound 
of coal per lour. 

In Fig. 163 the coke scrubber ordi¬ 
narily used is not shown. 

I As already statet.!, the number of 
different producer plants on the 
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the steam escapes at %bt loads. This 
is part of an important patent for the 
regulation of gas producers, 

This producer has the grate with 
the below it. By this means any 
clinker forms in a fiat c^e over the 
grate and can r^dily be removed 
through the fire-doors. In addition to 
this, means are provided by which 
clinkers can be removed from the 
bottom of the fire-teick lining, should 
It form there, and the clinker immedi- 
above the grate be broken up 
whue the pliant is at work. This en¬ 
sures Bucces^ul working, even with 
anthraoite coal not of the best quality. 


market is already very large, many 
more than could be embra^ in an 
article such as this, therefore a fin^ 
descriptive example may be given in 
“Tangye's ” producer, Fig. 164. 

The method of working the producer 
plant is as follows r— 

After lighting the fire on the fire 
bars, the generator is filled with fuel 
through the charging hopper, during 
which operation the sm^ air fan ie 
kept in motion until the fuel in the 
generator has become incandescttit, 
I which takes from fifteen to about 
I twenty minutes (according to the size 
' of the plant) startir^ from cold. 
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During this operation, the cock on the 
blow-off pipe is open, to allow the 
waste products to escape into the 
atmosphere. 

The generator now being ready to 
supply gas, the engine is sta^d in the 
usual manner, the suction “pull” 
from the engine causing the following 
action to take place:— 

Air is drawn through the bend on 
the top of the vapour chamber, across 
the heated water in same, where it 
takes up, and becomes charged with, 
steam or vapour produced by the heat 
of the gases, etc., inside the generator. 

The mixture of air and steam or 
vapour then passes down the air and 
steam pipe on its way to the bottom 
of the generator, and on, up through 
the fire bars and incandescent fuel, 
where it is decomposed; ultimately 
arriving at the outlet from the gene¬ 
rator as a gas liaving a composition and 
heat value such as cliaracterise wlmt is 
generally known as producer gas (jjaz 
pauvre). 

The gas then passes by mcaiis of the 
connecting pipe to the coke scrubljer, 
where it is cleaned and cooled, and so 
on to the expansion cliamber, which 
serves to lessen the “ pull ” from the 
engine upon the flow of the air and 
steam through the incandescent fuel 
in the generator, and thus to produce 
an even quality of gas. 

The vapour clmnber is kept nearly 
full of water by means of supply and 
overflow pipes. The overflow is carried 
down and runs into the bottom of the 
generator, where it gives off additional 
steam or vapour produced by heat 
radiated from the hot fuel, and also 
from the hot ashes falling into the 
water. Any excess of water is 
carried away, by means of a pipe and 
bend, to a small bosh, and forms a 
seal, 

Tiw coke in the scrubber is kept 
moist and the gas cooled by running 
water tlirough it—the waate water 
flowing through a self-sealing pipe iuto 
a bosh, &om which it runs away to any 
convenient drain. 

The Iowa: end of the connecting pipe 


near where it is fixed to the coke 
scrubber, forms a regulating water- 
seal box, and is brought into use, for 
the purpose of preventing diffusion of 
the gases from the scrubber, when tl^e 
plant is shut down. 

All passages and pipes have a large 
sectional area, thereby reducing the 
resistance to the flow of the gas(» to a 
minimum, and ensuring hi g h efficiency 
when working. 

The ct)ke scrubber should be of am¬ 
ple dimeiisions, a very important 
factor if inferior anthracite b^s be 
used. 

Fuels.—^Thc most suitable fuel to 
be employed in the “ Suction " gas- 
producer is Welsh anthracite be^, 
which is recommended on account of its 
cloauliuess in use and freedom from 
tarry matter, and the generator is de- 
8ignc<l for the use of fuel. There 
are, however, other fuels which may 
be utilised in the “Suction” gas 
plant if suitable arrangements be pro¬ 
vided for dealing with the same. 

Among these may be mentioned 
Scotch anthracite, which^ although 
containing a larger proportion of ashes 
and tarry matter, and retiring a hit le 
more attention in working, are obtain¬ 
able at very reasonable prices, and give 
results whicli are remarkable in their 
economy. The producer is well 
adapted for the use of this poorer qual¬ 
ity fuel, and provision is made for 
separating the tar before the gas enters 
the cylinder of the engine. 

Gas coke may be utilised as fuel 
with satis&ctory results, but it must 
be of a well carbonised qiulity, washed 
and broken into pieces of about ^ in. 
to 14 in. diameter. 

The “ Suction ” plant may also be 
modified to use wo^ charcoal, This 
material yields gas ^ual to that from 
Welsh anthmeite. The charcoal must 
be in pieces like twigs (about}in. dia. 
and 2 in. to S in. long) thoroughly 
charred, soastocoutain no tarry matter 
and free from dust. 

When the plant is required lor fuel 
other than - best Welsh anthracite, 
this fact must be stated when enquir- 
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ing or ordering, and full peoiiculars of 
the fuel should be given, together with 
an tuoalysis if possible, as in many 
cases it is nec^rary to modify tli« 
generator, and provide a special scrub¬ 
ber arrangement, etc. 

Suction Producers for more 
than One Engine. —Occasionally 
some little trouble has been experi¬ 
enced in Bating up more than one 
gas engine from a suction gas plant, 
Usually, however, it is due to a 
defective system of connecting pipes. 
In one instance, the plant Was of 
100 h. p. capacity. No. 1 engine 
was of 35 b. b. p. output, and 
its gas through an exj^nsion box 
18 in. diameter and 18 in. deep, con¬ 
necting by means of 4-in. diameter 
pipe with a 6-in. T mid 4-in. side 
bMch. The No. 2 engine wm 80 
b. h. p. output, and drew its ^ from 
an expansion box 24 in. diameter and 
24 in. deep, connectii^ with the main 
6-m. pipe. Either of the engines 
would stm't up easily, but when the 
second was tried the trouble b^n. 
The engine that was at full speed 
robbed tlie one that was just starting, 
and the ga# between the expansion 
boxes first fed one and then allowed 
the other er^e to liave a nibUe, with 
the consequence that both were starved 
and came to a standstill. 

The only way to get the second 
engine to start up was to let the first 
pull round the ^ond by means of a 
convenient main-shaft. When both 
had attained full speed the gas supply 
became more continuous, and served 
both engine without further trouble. 
In another installation a large engine 
is connected up close to a suction 
plant, and a second (smaller) ei^ne is 
more than 50 yd. away. Here, again, 
some difficulty was experience, but 
the provision of a light non-retum 
valve at the junction of the smaller 
service pij}e h^ prevented any further 
^uUe. A successful arrangement 
ol pJ^ng to terve two engines was 
cari^ out in another plant. In this 
instance No. 1 engine is one of 45 b. h.p. 
and No. 2 of 90 b. h. p. The first 


draws from an expansion chamber of 
30 in. diameter acid 60 in. long through 
a 3^in branch pipe. The second 
engine draws from a second expansion 
cliamber of 25 in. diameter and 60 in. 
long through a 6-in. diameter pipe. 
Another installation is successfully in 
operation where the second engine is 
many yards away from the first, and 
in this case a sepaiate service pipe is 
taken direct from the scrubber. 

Six of the forcing illustrations and 
much of tlic matter are reproduced ly 
permission of The G<u and Oil Engine 
Record., this journal dealing exhaus¬ 
tively witli the subject. 
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Sulphuric Acid. 

• (o) THl8*BubBtance, also known as 
oil of vitriol, is very largely used for 
many purposes in the arts and manu¬ 
factures. It is a highly corrosive sub¬ 
stance, though not to lead or glass. 

It combines with many known mate- ^ 
rials to fonn sulpliates such as alum, i 
plaster of Paris, etc. ! 

The prcsluction of sulphuric acid 
requires a considei-ablc outlay in plant, 
bemdes the employment of skilled 
labour. Either sulphui- is used in the , 
form of commercial brimstone, or iron i 
pyrites (sulphide of iron) may be em¬ 
ployed, though in the latter case 
suitable kilns must bo provided to 
burn theuk either m lump 01*6 or an 
dust ore, whichever can be obtained 
easily or cheaply. 

The true sulphuric acid is a dry 
BuhstancMi in the fonn of beautiful | 
white needles, and is then termed an¬ 
hydrous sulphuric acid, or sulphuric 
anhydride, its formula being (SO,). 
Its affinity for water is so great, and 
the action when the two meet in any 
volume so rapid, tliat a hissing like . 
red hot iron plunged in water occurs. I 
The sulphuric acid of commerce, or | 
oil of vitriol, is the pure material with 
water, forming an oily lujuid, the 
formula then l«ing (SOjIljO). It 
boils at (1327® C.), and has 

a specific gravity of 1*84. It should 
be colourless, but the ordinary com¬ 
merce qmility is straw colour. A j 
noticeable feature is its extraordinary , 
affinity for water, absorbing water 1 
rapidly from the air, and oven from 
wood, sugar, etc., in which the water ' 
may be supposed not to exist ready 
forme but only in its elements. It 
. actually causes the elements of water 
to unite and then withdraws tliem, 
liberating the carbon. It is of groat I 
value in the laboratory as a desiccating | 
agent for gases. If sulphuric acid is 
.mixed with water, suddenly and in 
suitable quantity, the rise in tempera¬ 
ture is so great as to bring the water 
to or veiy near boiling point. The 


corrosive action of this add is so strong 
that a little left on almost any oiganic 
compound (not omitting the human 
body) corlionises or chars it. The 
liquid sulphuric acid will dissolve the 
dry (anhydrous) acid, forming fum¬ 
ing ” sulphuric acid. 

The process of manufacture is briefiy 
as foDows: The sulphur or the pyrites 
is burned in suitably constnicted 
furnaces, which produces sulphurous 
acid together with nitrogen and excess 
of air, the latter of which should be 
as small as possible, as too great an 
excess servos no good end. These 
vapours or gaseous products are caused 
to ptss into a chamber made of or 
lined with lead (the joints being 
hurued, not soldered). These cham¬ 
bers sometimes have a oapadty of 
100,000 cub. ft. On the way to this 
cliambcr the sulphurous acid is caused 
to take up a small volume of nitric 
peroxide (NO^), nitrate of soda being 
used fur this purpose, tliis being some> 
times burned with the sulphur or 
I pyrites. As these enter the lead 
chiimber steam is admitted, and a 
reiKition takes place between the sul¬ 
phurous aciil and the uitlic peroxide, 
by which the latter is reduced to nitric 
oxide (NO), and the sulphurcois acid 
is oxidised to sulphuric acid and unites 
with tlie watery vapour. The reaction 
may lie expressed thus—^NOj-fSO, 
-f HjO = H 2 SO 4 -h NO. As soon as 
nitric oxide is formed it absorbs oxygen 
from wliatever air is present and m- 
comes nitric peroxide £^ia, which im¬ 
mediately contribute its additional 
atom of oxygen to another portion of 
sulphurous acid, and so on, so tliat a 
sm^l proportion of nitric peroxide 
oxidises an almet indefinite quantity 
of sulphurous acid, as it acts merely 
as a carrier of oxygen. 

The li«iuid sulwtance that condenses 
on the walls and floor of the clmniber 
is sulpljurio acid and is drawn off, but 
it is not strong enough. It is concen¬ 
trated by evaporation -until it has a 
specific gravity of 1*70. It is then 
put into a still made of glass or i^ti- 
num, and boiled until it has its proper 
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specific gravity of 1 ■ 84 and, when cool, 
ia then ready to be filled into carboys 
for transport. 

(&) The term Oil of Vitriol was 
doubtless obtained by the use of iron 
pyrites (sulphate of iron), which is 
commonly known as “green vitriol.” 
A simple method of preparing a small 
quantity is to boil sulphur in nitric 
acid or in a(jua*rcgia; the oxidation of 
the sulphur by tliis means will pro- j 
duce sulphuric acid. A proc«?8 ^ 
adjipted at Nordhausen (Germany) for 
tlic pnxluction of commercial sul¬ 
phuric acid, and which is generally 
distinguished as Nordhausen acid, is 
to distil pyrites in earthenware retorts, 
the vapour being caused to pass into a 
receiver containing a little ordinary 
sulphuric acid. This makes a brown, 
fuming oily acid of a little greater 
strer^th, its specific gravity being 
1-9. 

(c) When sulphur (brimstone) is 
used it is ignited wd burnt in a conical 
oven of brickwork. Pyrites are 
roasted in arched furnaces. To pro¬ 
vide the nitric peroxide required (as 
mentioned in a) nitrate of soda (or 
potash) is put with some sulphuric 
acid in a pot, known ivs the nitre jK)t, 
this being pla^ justabove the burning 
sulphur. The proportions are above 
2^ lb. of nitrate of soda with about 

lb. of sulphuric acid to each J cwt. 
of sulphur. The nitre in the pot is 
decomposed, prutlucing fumes which 
pass along with the sulphuric acid. 

(rf) Sulphuric acid may be filtered 
through glass-wool (sl^-wool) but as 
it is an oUy liquid the wool must not 
be packed tight. Instead of filterirrg 
it may be found that leaving the acid 
at rest for a time will cause all the 
suspended matter to settle after which 
the clear might be syphoned out. A 
glass or lead syphon would be required, 
'this being first filled with acid, then 
abort arm gently lowered until just 
*^fibov4 the deposit. 

- (€)^'^lphuric acid when kept in 
glass )»ttles should be corked up, 
as the oork will be attacked and in 
time the acid will become black, 


Such acid is quite serviceable for pur¬ 
poses in which the colour (due to or¬ 
ganic substance) does not matt^, such 
as the changing of electrib batteries, 
etc., but to keep the acid clear bottles 
should have glass stoppers, ground in. 

(/) Tanks for sulphuric acid may 
have their outer structure ef wood or 
iron, but they must be lined with lead. 
Such lining must either he in one piece 
or it may be of sheets joined with 
molten leiwl, or have the joints made b\ 
lead burning (the eilges Iwing fused by 
a blowpipe liydix^en flsvine). Solder 
will not sbwid. It is possible to make 
a stone bmk of 2 in. of York-stone 
flags, the joints Inning made by sinking 
tlie edges of the stone into g^oo^•c8 
cut to receive them, sheet ruldwr 
being put in tlie grooves as a jointing 
material. When in positu)n the parts 
are tightened up by iron bauds and 
tie bolts. 
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Sun Dials. 

Horiaontal Sun Dial.— (a) To 
set out a hoiizontal dial first draw two 
lines parallel to each other, as shown at 
A and B„Fig. 165, the distance apu^ 
to be just the thickness of the upright 
style or gnoinen which stands here. 
The distance, i.e. the thickness of the 
style, will proliably be alniut A- in. 
Next dniw a line at right angles to 
tliese, riglit ivcross the dial, this being 
called the 6 o’clock line, one end 



same. Extend the afternoon hour 
I lines of 4 and 5 across the dial and 
I these will make the morning hours; 
while the morning hours of 8 and 7 
prolonged in the same way, will give 
I similar evening hours, 
j To form the style or gnomen draw a 
I nidial line tlirougli tliat decree of the 
I qujulrant wliich corn'spomls to the 
I latitude (London = 51 Tliis will 
! slunv the elevation of the style. The 
I luethud of doing tliis is shown in tlio 
I illustration, the style being shown 
! lying flat on the dial, its angle being 
51^® with its base where it 
rests on the ilial. Wlicn the 
style is miule fix it perfectly 
upright lietween the lines 
AB. 

The foregoing refers to a 
horizontal dial, but can be 
uifule to serve for a verticid 
dial, fixed facing due south, 
by making the style to an 
angle wliich is the comple¬ 
ment of the latitude of the 
place; thus for London, 
f^i wliich is 511^^, it would be 
W' - 51 J" = 88 J®. In other 
words a liorizontal dial pre¬ 
pared for Loudon will be 
suited as a vertical dial 
(facing south) in any town 
or place at the latitude of 
38^®, wliilea horizontal one 
prepared for 38^° latitude, 
will do os a vertical dial in 


marking 6 a.u., the other 6 p.m. j 
This line comes across the slopii^ foot 1 
of the style as shown. (It may bo I 
noted that the triangular style is here I 
shown lying flat on the di^. It, of > 
course, staiuls perfectly upright, and | 
the reason for showing it flat will lie 
explained directly). Then with A and 
B as centres, draw quadrants (quarters) ' 
of circles and divide each into ninety j 
degrees. Now, assuming the dial to 
be for the latitude of London, lay a 
rule over B and draw the first line 
throi^h 11 | d^rees, the second 
through 24^, third fourth 58}, 


the latitude of 51}®, 

Dials for the south of the equator' 
roust be figiued the inverse way to 
thu&e set up for northern latitudes, le. 
the morning and afternoon hours 
clianging sides. 

A circular sun-dial may be regarded 
as a circle round the ^rth, or as the 
edge of a disc which pisses through 
the centre of the earth from the 
where the dial is fixed. The letters 
tt, f)y e, d, e, fy //, etc. (Fig. 166) are 
longitudinal circles, representing the 
hours; B the sjiot where the dial is 
situati^, I) the corresponding latitude, 
P p the poles, and £ the centre of the 
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earth. A dial prepared for any par- (6) Square dials are nuwle by simply 
ticular latitude is useless for another estciiding the hour lines that wxj sot 
latitude, except that a horizontal dial out as for a circular dial. ‘ 

might be used for a vertical one for a (c) The most satisfactory way to 



Fig. 166. 


^titude which is the complement of divide a sun dial is to calculate the 
the first one as already explained, angle tluit oiich hour-line makes with 
(F. T. Britten’s ‘ Watch and Clock- the XU o’clock line by, for a horizon- 
maker’s Handbook.’) ' tal dial, the formulas:—Tan. of hour- 

Table I.— Table of Chords and Co-Chords ok Hoitr-Linfr op Horizontal 
Sun Dial for each Degree of Latitude from 50^ to 60° inclusive. 
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TABLK 11.—Table op Chords and 



ChonL 

Co-cboed. 

60° . 

. . *8452 

. *6840 

51 

. . -8610 

. -6678 

62 

. . -8767 

. *6511 

53 . 

. . *8924 

. *6346 

54 . 

. . *9080 

. *6180 

55 

. . -9235 

. .6014 


line angle = tan. of sun’s distance 
from meridian X sin. of latitude of 
' place, and set out the angles so ob¬ 
tained ]>y the of chords and co- 
chords and a scale of equal parts. 
Table I. giv(w the chords and co-chords 
for the hour-lines of a horizontal dial 


Co-Chords for Angles 50° to 60°. 



Chord. 

Co-chord. 

56° . 

. *9389 . 

. -5847 

67 . 

. *9643 . 

. -6680 

68 . 

. *9696 . 

. -OJIS 

.59 . 

. *9848 . 

. -OMO 

60 . 

. 1-0000 . 

-6176 


(‘ English Mechanic.') 


I style apart, Fig. 167, and a third lino 
' c 0 0 C at right angles to them. From 
' 0 and 0 as centres with radius 1 * 000 , 
describe aixis ABC and a be. If the 
I lines arc correctly set out, the chords, 
j A C and a c should each measure 
' 1*4142. Fi'om A and a as centres, 



for each decree of latitude from 50° to 
60°. For intermediate positions take 
proportionate parts. For example, for 
the 1 o’clock line in latitude 54° 30’ 
the chord = *2144 and co-chord — 
1*2645. To set out the dial: draw 
two lines on the slab A 0, ao, jparallel 
to each other, and the width of the 


with chord of I o’clock line as raditui, 
descrilie arcs cutting the arcs ABC 
and a be in 6 and b. From 0 and o 
as centres with co-cliord of I o’clock 
line us radius, descrilie arcs which* 
should exactly cut the previous inter- . 
sections at B and b. Join B 0 and 6 o, 
which ore the XI and I o’clock lines 











284 


Sra l)uLs—T axidbemt. 


reapectively. Proceed similarly with 
the other hour-lines. In the figure 
the setting-out of the X and 11 o'clock 
lin^ is shown. The V am. line is the 

V P.M. line produced, and it should bo 
noted that it passes throi^h o not 0. 
Similarly with other lines beyond 

VI o’clock. The angle of the style can 
be set out with the scale of chords, 
and checked witli the scale of co-chords 
given in Table II. For intermediate 
places between the degrees calculate 
proportionate chords and co-chords. 
For example, for latitude 53° 20' tlie 
chord will be *8976, an«i the co-chonl 
‘6291. The edge of the style must 
be set so as to intersect the plane of 
the dial exactly in the line 0 o. Of 
course, the diid must be exactly hori¬ 
zontal, the style vertical, and the XII 
line set truly N. and S. Owing to 
the sun having a disc of a considerable 
area, the sliadow of the style is not 
sharply defined and there is a tendency 
to read time by the dial fast in the 
forenoon and slow in the afternoon. 
For correcting a clock, therefore, a 
mean sliould be taken of a forenoon 
and afternoon observation, if an obser¬ 
vation cannot be taken at XII. 




Taxidermy. 

(See also Clkakinq and Scoubing, 
and Prebervino. 

Cleaning Stuffed Speciznene. 
(a) Give a good brusliiug with a stiff 
clothes-brush. After this warm a 
quantity of now bian in a pan, taking 
care it does not bum, to prevent which 
quickly stir it. When warm, rub it 
well into the fur witli your hand, 
licpeiit this a few times, tlien rid the 
fur of the bran, and give it another 
sharp bnisliing until free from dust. 
(h) Sponge witli white soup and warm 
water, rubbing well into and about the 
I roots of the luiir, but avoid using an 
excess of water to soak into the stuffing, 
or the specimen will, in all proliability, 
never tliorouglily dry, and motlis and 
' rot will be the result. iJry in a current 
I of air as free from dust as possible; 

I brush the fur occasionally as it dries 
! (a coarse comb at first vdll, iierhajw, 

' scjiamte the hairs better). Before 
putting it into its case, wash freely 
with benzoline, rubbing with tlie fur; 
you may never dread moths, and your 
specimen will always be clean if your 
. case is properly iiuidc and cl(»je(l up 
[ air-tight by means of paper pasted over 
every joint and crack. 

Fish.—Cover the best side of the 
fish—the side to be exposed to view in 
the cuso—with muslin and place it on 
the bench. Cut along the side of the 
fisli, from head to tail and remove the 
body. Carefully clean away all flesh 
tliat may be left around the fins and 
head, also remove the eyes. Now 
treat tJie inside of the skin, in every 
part with arsenical soap. For stuffily, 
the best plan is to make an artiflei^ 
IxHly with tow on wire, and, after being 
sure of the dimensions and propor¬ 
tions, putting this inside the skin and 
sewing it up. Another way is to 
gcully lam in sawdust as the skin is 
being sewn up, but the fixing of the 
specimen in the case is not so easily 
<lone witli tins latter method. With 
the to* and wire body, two (or three) 
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wires should be arranged to come out 
from the unexposed side of the body— 
so aa to either |)asB through the back of 
the case or be beat down to pass bohiud 
some artificial water grass to the floor, 
these wires soundly supporting the 
fish in the dr so to speak. After 
fastening the fish in the position it is 
to occupy, the fins and tail arc aminged ! 
in the desired positions by moans of 
pins and l)etween pieces of cork. The 
eyes are finally inserted and the mouth 
closed. Wlien it is quite dry the body 
u painted in the natural colours, using 
best tube colours with fine mastic 
varnish and turpentine, and then var¬ 
nish to give the appearance of the 
specimen being wet. In painting con¬ 
siderable care is requisite, or the l)eBt 
work may be given a poor appearance. 
Every sede should lie finished sejiar- 
ately, for the examination of a newly 
caught fish will show that the scales 
are shaded, also that the hea<l lias 
shadings and possibly markings on it. 

Birds.—When the collection of 
specimens is a specud business, as with 
a naturalist, tliere are occasions when 
speed, particularly in skinning, is of 
considerable im{K>rtance, and tliis par¬ 
ticularly applies in hut climates where 
the day's collections must be treated 
at the end of the same day. The fol¬ 
lowing is a rapid method, and has the 
advantage of affording gcxsl results iu 
the after-treatment when mounting, 
etc. Examine the bird, arrange to 
show its best side, flien plug mouth 
and nostrils with cotton-wool. With 
a keen knife moke a clean incision from 
the wing to the thigh. Draw out the 
upper wing joint. Cut the sinews at 
the farther end and clean off the flesh. 
Now loosen aa much akin as posaible 
from bock and breast, then, firmly 
holding the collar-bone, draw Uie body 
gently out. Cut through the neck and 
work to the other wing, and freeing 
this as was done with the other wing, 
work the skin off down to the legs. 
Get the skin loose to the knee joints, 
cut through the sinews, and, pressing 
back the flesh disunite the bone at the 
knees. The skin is now worked off to ' 


the tail, and after removing the oil- 
glands tbe bone is cut through and the 
body is quite detached. The wings can 
now be given more attention, these 
being bar^ to the second joint and hav¬ 
ing dl flesh removed. Ar^nical soap is 
then painted in here, and a little cotton 
wool stuffed in. Now attend to the 
! head, taking hold of the severed piece 
of the neck, drawing it out and loosen¬ 
ing the skin right to the beak. Cut 
away all tliat is possible (but not the 
skull), and extract the brains. Use 
arsenical soap here and fill the 
cavity with fine tow. Apply araenical 
soap toall parts, then insert a false body 
as describ^l elsewhere, putting wings, 
legs, and feathers all in methodical 
oirier, then either winding thread 
round or putting the whole in a still 
paper cone or cylinder. For relaxing 
when setting up is to be proceeded 
with, a rclaxing-iiox is used, this being 
a box lined with material that will 
hold a quantity of water. About 24 
hours in this will make the specimen 
elastic enough to have its stitches 
removed, and the frJse body removed. 
The skin should then bo filled with 
damp tow (ilaiiq)ed with warm water) 
and put h^k into the box for about 
two days. Sec that some of the damp 
tow is filled into the neck and mouth. 
A solution of soft soap and glycerine 
(with water) painted on the inside of 
tbe skin and allowed to soak a tifne 
will give elasticity. 

It should \)& noted in skinning birds 
with large skulls that tbe skin of the 
neck will not pass over them, and in 
this case one side of the head—of 
coiirse the side or part that would not 
be seen—is opened to deal with the 
skull. 

Arsenical Soap.—By weight, 
64 parts white araenic, 64 parts wmte 
soap,-10 parts camphor, 8 parte chalk, 
4 paite salt of tartar. Powder all dry 
ingredients, then work well into the 
soap, using sufiicient water for the 
pim) 08 e. 

Birds. Setting up.— Assuming 
the skins have been m^e flexible as 
' already described, the settii^ up may 
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be proceeded with. The brain cavity 
is always filled full, and tow is best 
for this. If the space is small, the 
tow may be cut up. For around the 
head cotton wool is l)est, as, means 
oi a hooked'end needle, fine strands of 
this can be drawn into places more 
neatly than tow. The wing bones 
should have a thin string or fine wire 
to tie them together, so that they will 
be, and remain, tlie proper distance 
apart as in life. The upper leg bones 
can be wrapped round with tow and 
returned to place. Now take a wire 
of &ir strength for Ihe size of the buxi 
and the full length of the body, head 
to tail, point Iwth ends, then wrap 
over evenly with tow to about hatf 
the thickness of the body and secure 
tlw tow on it. Now take two leg wires 
of full length, and sharpen one end of 
each. Push the sharp end through 
the sole of the foot, up through the 
1^ bone, working it with a twisting, 
boring movement to get it through, 
until it comes out at«the top joint and 
well through it. Now take the body 
wire, which is wrapped with tow, and 
seeing ^t the tow wrapping is the 
proper thickness of the next at one 
end, push this end up the neck and 
let the pointed end of its wire go well 
into the skull; the other end of this 
wire is to go into the tail bones. See 
that the at each end goes right 
through the bone, and, if necessary, 
pull the ends of the wire to make ^ 
sound. The body now having a core 
to work to, let the leg wires go through 
this core and then have thrir ends 
firmly twisted so that the legs will 
support the bird in tibe chosen posi* 
rion. Skill is now required to pose 
the 1^, icff nothing now rem^ but 
to fill in the cavi^ around the body 
core with tow and sew it up. If the 
Inrd 4s to have its wings outstretched, 
or away from its body at all, then 
widg'Wires must be adopted, securing 
these to the body core as the 1^ 
wires were done. The last thing is 
to inrert and glue in the eyes, the 
lids being arranged v^ neatly with 
atiai^t or bent needles. Finally, 


bind all over with thread and leave to 
set. 

Curing ICaterial for Bird 
SkinB.—For fresh skins. Mix to¬ 
gether 2 lb. soft soap and 5 lb. whiting 
in a quart of water. Boil until amal¬ 
gamated, then add | lb. cldoride oi 
lime. \^en cool mix m 2 oz. euca¬ 
lyptus oil. 

Preservative for Birds.—(a) 
It is seldom that the exterior parts— 
the featherS'~of birds require any 
preservative treatment, but should 
they be infected with destructive in¬ 
sects and need such care, then an 
alcoholic solution of perchl(»ide of 
mercury may be used, woridng the 
feathers about with a finely-pointed 
instrument—a needle—until the spirit 
has evaporated and then putting in a 
current of air to dry. The chemical 
should not be too strong in the solu¬ 
tion, and this can be tested by dip¬ 
ping a dark-coloured feather in it to 
see if any residue appe^ when the 
feather is dry. (b) Have a sufficient 
quantity of benzoline, and put some 
lumps of naphthalene in it to dissolve 
as much as it will, work this in between 
the feathers, (c) To destroy destruc¬ 
tive insets, put the specimen in an 
air-tight box tin with some carbon 
bisulphide for about tliree days. (d)To 
keep insects out of the case in wUch 
a specimen is mounted, put a few 
lumps of naphthalene (albo-carbon or 
carbon ends) in the case, out of si^t. 
The writer has done this for years and 
finds it h^hly succ^aful for mounts 
entomological specimens as well as 
lazger thi^. 

Snakes.—A single wire, to extend 
from end to end of the specimen and 
bound with tow, suffices fw this. 
Sharpen the end of the wire that is 
to come at the bead end, then bind 
the wire with a little tow to quite 
cover it. Hang up tiie skin the 
head, then insert the blunt end of 
the wire down to the end. Have 
some fine sawdust, and 1^ means of a 
funnel fill this into the anake-skih 
mvund tiie wire. As required, WOTk 
the sawdust down by patting 
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pressing with the hands outside tlie 
skin and by inserting a tow-headed 
wire or cane tx) act us a muiiuor. When 
the cut part of tlie skiu is reached, a 
few stitches are put in and tlie filling 
continued, then more stitehes and mure 
filling until within 5 in. to 6 in. of the 
head. Now fill the brain cavity with 
tow, insert the jiointed wire in tlie 
spmal cord opening of the skull, push 
it tlirough, then draw the wire and 
bend it bwh to firmly secure it. Finish 
the packing and sewing, the last piece 
of packing being most conveniently 
done with tow. The Itody can now lie 
bent and disposed in any natural form 
chosen, fine wire nails being used if 
necessary to liold it on a bninch or 
similar jsMiiUon. Now insert the eyes, 
and lejkve the whole to dry. Wlien 
this is ilone, the specimen retjuires 
finishing, this Ixiing the %htcning up 
of loose scales with liejuid cement (fish 
glue), and tinting with colours if this 
is to done. Best tube colours should 
be used with turpentine and a little 
mastic varnish to prevent the colours 
drying too dea<l or flat. 

Mounting Animals.—If it is 
possible, some thought should be given 
to the mounting when the skhiuiug 
takes place, for, xjuito commonly, one 
side of the specimen is better tbw the 
other. In such a case, if only one 
side of the animal will be afterwards 
seen, then care should be taken to 
have all possible cuts in the skin on 
the invisible side. Thus in skinning 
the legs the two to come nearest to 
the obwrver should be u{)ened on the 
inside, wliile tlie two farther ones 
may be cut on the outside. To make 
the mountii^ frame, cut a piece of 
stout wood (usually called batten) a 
little longer than will roach from the 
body joints of the fore and hind legs 
and bore four holes, two at each eiul, 
to receive the leg rods or irons. Trtiese 
holes should be bored obliquely. An- 
^ other hole lias also to bo bored at each 
end for neck and tall irons. For the 
1^ irons have iron rod of suitable 
strength for the size of the specimen 
(this mstruction does not apply to 


anything laigcr than boars, leo|»rds, 
i small antclo])es, etc.), one end of each 
rod being pointed, the other end being 
threaded and fitted with two nuts; 
the nutted ends arc those tliat come 
at the feet of tlie specimen and *go 
through and secure the specimen to 
i the board tliat it is stood upon. Hav¬ 
ing arranged how tlie object is to stand, 
the vtvrious rods are bent accordingly 
and fixed in place. The next duty is 
to make the limbs of proper size—to 
model them us it is term^. The 1^ 
bones, if any, are secured to the 1^ 
rods by wire, then the substance of 
the leg is made up with a foundation 
of “ wood wool ” or wood fibre, binding 
it on with stout thread until the proper 
tliickuess is obtained. It is better to 
made limbs and pEuts of insufficient 
thickness rather than of too great a 
bulk, but an exact natural size should, 
of course, be obtained if possible. 
When the fibre is all bound on the 
limlis they are to be coated over with 
modelling clay to^ make tliem of even 
surface and smooth, and at the feme 
time, by means of the clay, to show 
up any muscular development. With 
short-haired specimens, too, string or 
wire may lie pressed on the clay to 
afford the appearance of veins where 
proper. The skin can now be put to 
the l^s, if desired, and sewn on, more 
clay being inserted wherever found 
necessary. The head is the next con- 
^deration. The skull usually has a 
slot sawn in its base to receive a short 
piece of wood, this projecting from 
the hole about ^ in. A hole is bored 
through the length of Uiis, that riie 
neck rod may pass through and then 
be turned down at the end and secured 
by staples. The skull can be secured 
to the wood let in its base by fine 
wire mdls. The skull has its exterior 
covered with wood fibre, bound on 
with thread, to make it of suitable 
size, and if there is any difficulty in 
bindin g this material on, a few tlun 
nails may bo driven on to fasten the 
threads on during the Unding. Some 
modelling clay outside the fibre com- 
, pletes the skull ready to reoei^ tlm 
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skin. Having fixed neck, leg tmd tail 
roiig firmly in the batten, bending the 
ends over and stapling them secure, 
the body can be proceeded with to 
complete the work. Fill up the neck, 
thSn the shoulders, then the middle 
of the body, with wood fibre, moulding 
the whole to shape byjudicious pressing 
with the hand outside, and as the 
filling proceeds the sewing up may be 
done, a little at the time. If not 
already done, the specimen should be ! 
mounted on its bcMrd, and then the I 
extremiti^ (if claws), also the nose, ' 
mouth and eyes, must receive atteu* 
tion. For nose and mouth clay will 
be required to model them up, and 
should the lips be required to show 
any particular expression (as snarling), 
then fine pins may be inserted to hold 
the ddn in position, 

Mounting the larger antelopes, doer, 
horses, etc. For these a simple piece 
of wood batten for the body is scarcely 
sufficient, and it is usual to build up 
a wooden homework nearly the size of 
the ‘body, covering this with wood 
fibre and afterwards clay, the fibre 
b^ng bound on by stout thread pass* 
sing over a number of headed pins 
or light nails driven at regular dis¬ 
tances into the wood frame. To make 
the frame, jnece together sufficient 
|-in. or |-in. match-boardirrg that a 
full sized outline of the body of the 
S|iecimen may be drawn on it, iu' 
eluding the neck and the faai^ of the 
skull, but not including the l(gs or 
tail, then with a bow saw cut through 
the pencilled outline after putting 
cross piec^ to prevent the boards 
comir^ apart. This is shown in Fig. 
168, which also shows two pieces of 
2*m. to 8-in stuff secured crossways 
to the board just where the highest 
1^ joints come, these being to receive 
the 1^ irons as shown. When tlie 
work h^ got as far as this, the frame¬ 
work should be mounted on a board 
(by means of the double-nutted ends 
of leg irons), even if only tern- 
portly BOf for the subsequent pro¬ 
ceedings require the body to be properly 
supported while being done. The 


framework now has additional battens 
attached to the centre board, and 
when there appears to be sufficient 
of these some thin narrow planking 
is nailed along, making the body as 
round or barrel-shaped as possible, but 
keeping within the bulk the finished 
body is to be, as the wood filare and 
clay have to come outside this wooden 
body. The only reason for this wooden 
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body is that, with one of the lai^ 
antelopes for instance, a good result, 
and, more particularly, a permanent 
result, could not be hoped for if the 
whole body consisted of little more 
than fibre packing. With this frame¬ 
work the skull can come direct on to 
the neck board, if slotted with a saw 
as explained in the last paragraph. 
The outside of the wooden b^y ui 
finally covered with fibre, bound on, 
then c<»ted with clay; and, where 
necessary, string or wire is partially 
embedd^ in to show up as veins. 
When the skin is on and being sewn 
up, any extra fullness required may 
be done either with more clay or wi^ 
strands of tow. The tail, for instance, 
can be filled with tow. If it is a long 
tail, then a tail rod or wire has to be 
|nx>vided, this being bound with tow 
to a suitable size. It has always to 
be remembered that the skin of 
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stomacli may at first trial appear to be 
too lai^e ; this is because there are 
deep indentations of folds between 
the legs and body, in the groins, etc., 
skin having to l)e pressed up into 
these places and held there by fine 
nails or pins until set. 


GBNKllAL PUIN(?I1»LES, AND 
DOMESTIC WIKELESS 
TELEOKAPHY. 

{SecfUso Klkctric Batteries.) 

The most durable portion of a line 
of telegraph is the wire. In no in¬ 
stance, even witli old lines, has re¬ 
wiring l)eeu necessary, except hy 
reason of some destructive agency. 
The kind most generally used for land 
lines is galvanised iron wire, and this 
is very 8uite<l for tlie purpose. It 
should, however, be of good quality, 
for it will take but very few faults or 
breakages to al>sorb the saving in first 
cost. The jointing is must import¬ 
ant, the most appruvetl method being 
tliat which is known as the Britannia 
joint. Tliis is made by bending up 
the ends of the wire, then very 
firmly binding them together with a 
thin wire, and afterwards soldering 
over the whole. If the line wire is 
No. 8 B.W.G., then the binding wire 
should be No. 16. For thicker line 
wires the binding should be No. 14. 
A twisted joint is less strong than this 
one, and it is liable to cling to another 
wire if blown agmnst it by the wind, 
and this has always to be guarded 
against. A very clean and smooth 
wire is also necessary to prevent this 
occurring. Whatever style of joint 
may be adopted it shouM always be 
soldered. They cannot be considei^d 
permanent without that precaution. 
Joints should always be kept near to 
the {xiles to prevent their being carried 
over and clinging to other wires when 
affected strong winds. 

The size of the wiro is greatly 
governed by the length of the line, 
but apart from that, if first cost will 
admit, a laige wire is at a great ad- 
vant^ over a small one. It will work 
under faulty conditions that would 
ruin the efficacy of a small wire. For 
circuits up to 400 miles No. 8 B.W.Q. 
is very satisf^tory. For shorter lioee 
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and for general railway purposes No. 
10 will be foutid sufficient. For lines 
under .100 miles No. 11 may lie em¬ 
ployed. 

The distance between poles or sup¬ 
ports is determined by the conditions. 
Obviously the fewer the supports the 
better the insulation, and this means 
better and more economical results. 
After much discussion the number of 
poles has been fixed, for ordinary con¬ 
ditions, at 22 to the mile. The mate¬ 
rial us^ for poles is wood. Iron is 
vei 78 uitable,but thecostisprohiHtive. 
These are always fitted with insulators, 
to prevent any leakage of the current 
or short-circuiting. The forms of 
these are various, but all rely upon ' 
porcelain or stoneware for their insu- 



8 M 

Fig. 109. 

lating properties. F%. 170 represents 
an OKlinary form of these, and Fig. 169 
shows what is known as a double in¬ 
sulator. The efficacy of this latter 
pattern is not to be ex<^lled. 

The connections to earth at each end 
of a line are effected by wires and 
copper plates. To effect a good earth 
connection—and fzuny lines suffer 
greatly by want of it—the earth sur¬ 
rounding the plate should be perman¬ 
ently damp. Dryness of the earth b 
% great disadvantage, and in some 
ro^y districts causes much trouble. 
When there mo several circuits it is 
veiT neceaaaiy that the earth plates 
be kept as far apart as possible. 

The ordinaiy form of indicat ing in- 
strunmt with oeriharing needle, stQl 
used ^ the majority of the railway 
•ompaniee, depends for ito action on 


a current, passed through a coil of 
wire, which has a m^netic needle 
«uBj»cnded on either side of it, causing 
the needle to deflect. As the current 



: passes round the coil in one direction, 

I so the needle is attracted to one ride. 
By reversing the direction of the 
current the deflection of the needle is 
reversed also. 

Figp. I7l, 172 and 173 serve to 
illustrate this. 

In the first illustration we have the 
contact-bar (which is worked by a 
handle) hewing over to the right, 
admitting of a current which causes 
the needle to deflect to the light abo. 
In speaking of this deflection it refers 
to the upper half of the needle, the 
lower lialf being retwned merely to 
balance the needle, and miUie it work 
freely on its delicate bearing. The 
direction of the current when the 
hwidle-bar is in thk position is shown 
by tlie arrows, and it is requisite to 
explain that the centre stud or bearing 
of this bar is made of a non-conducting 
material, otherwise there would be a 
short circuit and no line current. The * 
upper and lower half of the ^ndle- 
bar are thus quite cut off ihom one 
another. 

In the second illustration we have 
the current passing the reverse way to 
the last, it travelling to the distant 
station by the line and rotuming 
the earth. In both these illustrations' 
it is supposed we are sending messages 
from the instrument and not receivmg 
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ftny. Wliea thuM sending currentH sniall tee or cross-head is provided to 
the battery of tlio sending station pro- the luiudle-bar, toucliiug in the planner 
vides the motive power, and both shown, and so providing a bridge for 
movements of ttie liaudle-bar bring it the current from the needle-coil to 
into yse. The deflection of the ne^lo the earth-plate, or vice versa. The 
shown in these two illustrations are current from the distant station there- 
due to the current passing, for whether fore passes round the needle-coil, 
a message is being sent out or being either way, freely and without hind- 
received, the iiee^e works the same, ranee, and, of course, the needle de* 
When sending messages the movement fleets accor^ngly. 



Fio. 171. 


FlO. 172. 


Fig. 173. 


of file neetlle is very useful, first, to Fig. 174 illustrates the face of the 
show that t!»e current is ptasii^ pro- instrument-box with the needle only 
perly, and secondly, it permits of the appearing, its coil and other fitti^ 
operator checking his own message as bmng in the body of the box (behind 
it goes. The former advantage is an the face). The handle which operates 
important one, for except by the the contact-bar is fixed in front, and 
neve’s movement an operator would the alpliabet of deflections is iMually 
never know if his message was going, printed on the face of the instrument 
and would frequently liave to test the ' somewhere. The alphabet s^ns are 
initallatiou by other ii^truments. As ' not difficult to leam, no letter having 
it is, when his own needle moves it ; more than four deflections, and those 
^thfuily records what the needle at letters most in use have one or two 
Uie distant station is doing. Tliis is deflections only. The letter A, for 
supposing no fr.ult exists anywhere, example, has a deflection firet to the 
If there in a fault the home nee^e left then one to the right. The letter 
usually gives indication of it. N has the same deflections, but re¬ 

in the third illustration we have versed as to order. £ and T have one 
the instrument at rest, so frr as the deflection only. Figures are denoted 
sending of messages is concerned, but by five deflections each, as shown, 
it is in readiness to receive any tliat The form of instrument favou^ 
may be sent from tbe distant stetion. by the postal authorities u that in- 
When mesB^es are comii^ in, the vented by Professor Morse. Origin- 
battery of this, now the receiving ally it was made to leave a pemanent 
instrument, is not required, as the record printing its message in dots 
sending battoy only provide) the and dashes, and it is still greatfy used 
ouirent. In consequence of this a in this way, but in busy offices the 
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printing ge^ is often dispensed with, i 
and the clicking or light raping of I 
the instrument is sufficient to the prac- ' 
tised ear. This latter means of read- 1 
ing the message (by the ear) has caused 
modification of the instrument to be 
made, ctdled ‘‘sounders,” which rap | 
out the message most distinctly, but 
these give no permanent record (except 
that which the clerk copies down), any 
more than the needle instrument does. 

The action of this instrument is 
bc^ed upon the fact that if we take a 
bar of iron, and wind some insulated 



wire round it, we convert that bar into 
a m^net when a current is passed 
through the wire. The magnetic pro¬ 
perties of the bar continue so long as 
the current passes, and cease <»* dis¬ 
appear when the current is stopped. 
Tl^ action is put to use in arranging 
the instrument, so that when a current 
is sent through the line the m^etised 
bar attracts and draws down one end 
of a balanced lever, this causing the 
other end to rise and come in contact 
with A Btrip of paper prepared to 
receive the im^nr^iou of its contact. 
Immediately the current ceases the 


balanced lever assume • ite original 
position, until the next current causes 
it to repeat its movement. This is 
the recording arrangement, and it is 
arranged that the recorded mark on 
the paper be either a dot, or a short 
line tenned a dash. The dot is caused 
by a very brief current; the dash is 
the result of holding the transmitter 
down for an instant. The paper strip 
being kept in motion clockwork, 
and the recording point leing fed with 
ink, admits of these marks being regis¬ 
tered veiy simply and distinctly. The 
alpliabet of dots and dashes is arranged 
to resemble the symbols of the needle- 
instrument as near as possible, a dot 
answering for a needle deflection to 
the left, and a dash representit^ a 
deflection to the right. 

By tlm means a cliange of Instru¬ 
ments does not nec^sitate an operator 
learning a new alphabet. To make 
this clear, h'ig. 175 will show that the 

S P O N S 


WORK8H OP 


R E C E I P T S 


Fio. 175. 


dots and dashes answer to the needle 
deflections, the letter S, for example, 
being represented by three dots, corre¬ 



sponding to three left-hand deflections 
of the needle alphabet for this letter. 

Fig. 176 shows the transmitting in-. 
strument, and Fig. 177 a complete cir- 
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cult, Upon this principle. In the { afford what its name distinctly implies 
latter illustration, A arc the transmit- 1 —like relays of horses on a loi^ journey 
ting instruments, fi the batteries, C the | by road-fresh strength and impetus 



Fig. 171 


receiving instruments, D the galvano¬ 
meters. As the transmitters are illus¬ 
trated they are jireparcd for receiving 
mrasages, there being a free path for 
the current from the line-wire to pass 
to the receiving instrument and then 
to eihrth. If we press down the knob 
we cut off communication from the 
line-wire and permit the current from 
tlie battery to pass to it, and on to 
the distant station and the receiving 
instrument there, the current return¬ 
ing from the distant eartli plate. The 
object of the galvanometer is to indi¬ 
cate that the message is passing. The 
needles of these fulfil the useful 
purpose tliat the needles of needle* 
mstruments do, viz. indicate tlie trans¬ 
mission of the current. It might | 

have lieen explained before that the Domestic Wireless Tele¬ 
needle and coil of this latter kind of ' graphy.—The first requisite is some- 
instrument constitute a galvanometer, thing that will make an electric ^»rk. 
for a galvanometer is an instrument Thecoil of a motor-car or motor-bicycle 
which acts by an electric current pass- will do admirably ; an electrical nachine 
ing through a coil of insulated wire, such as the Wimshurt, or even an ' 
and 90 causing a needle to deflect. electric gaslighter at a pinch; or if 
An interesting instrument connected none of th^e are obtainable then an 
with telegraphic and telephonic work electric bell, though the spark from 
is that known m the “ relay.” In all this is too feeble to be of much good, 
long lines it was found that, even with If you look at it ringing in the dwk, 
a sufficient battery-power awh end, however, you will see that there is a 
the current was not received at spark. Now it is a fact, foreseen by 
the ffistant station at a satisfactory Maxwell and observed by Hertz, that 
strength, and this was particularly a when a s^k occurs a disturbance is 
fault witli the Morse type of indicators. ' produced in the ether and spreads out* 
The aim and use of tlw “ relay ” is to ‘ wards with great velocity in the same 


to the travelling medium. {See 
“ Relays” in telephone work). 

Morse Code. 



N — - 

p- 

R- 

S- 

T — 

U- 

W- 

Y- 

Z- 
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way that tJie vmves spread when a 
stone is thrown into a pond. The man 
with the motor who aspires to use his 
ignition apparatus as a wireless trans¬ 
mitter had better disconnect his h^h- 
tension wire from )iis sparking plug, 
and connect some part of the engine 
with a piece of copper wire to the 
nearest gas-fitting or water tap. He 
will thus get a good earth—that is, 
there will be a way for the spark to 
run to esuth. Two brass knolis of a 
bedstead should tlien be fixed so that 
they »re about in. apart on two 
pieces of ghus rod stuck into a wood 
base, and they should 1)6 arranged so 
that one knob is about | in. from some 
part of the engine, and so that the 
other is about | in. from the end of 
the high-tension wire. This arrange¬ 
ment will be more effective if the end 
of the h^h-teusion wire is connected 
to one end of a copper wire about 10 ft. 
or so long, hung on silk threads so as 
not to touch any part of the room. 
This corresponds, to the mast at the 
transmitting end of Manx>m’s ^tem, 
and is caU^ the aerial wire at the j 
transmitting station. Now turn the 
engine untu the trembler begins to j 
buzz, and sparks will jump from the ' 
end of the l^h-tension wire on to the i 
first knob ; ^ence on to the second, ' 
and thence to the engine. Kach time 
the current is switch^ on the disturb- ’ 
ance will travel outwards from the 
motor, and the ordinary Morse code ; 
can be used ; tliat is, the switch can ; 
be used as a Morse key for sending a j 
series of long or short signals. 

Now for the receiving apparatus, ' 
Qetabit of aluminium, either a sauce- 1 
pan or a comb, or something, and clean 
itcfu^ully. Then get a bit of very fine 
copper wire, and thr^ it throi^h the 
eye of a very fine needle. Twist the 
wire round some insulating support, 
stich as a wooden penliolder stuck up- 
rig}^ in something, and arrai^ matters 
so that the needle-point just toucties 
the aluminium, You have now made 
the simplest p^ble form of what is 
known as a “ colierer, ” If you now ! 
join tlm fduminium to one terminal of 


a battery—one of the motor-car accu¬ 
mulators or a dry coll will do—and 
join the other terminal to the wire 
supporting the needle, you have a 
receiving station. The arram?®ment 
will be more sensitive if the ^uminium 
is joined to a water-pipe or j^-fitting, 
and the wire suppo^ng the needle is 
.connected to a lom? copper wire, which 
is suspended on silk threads across the 
room, or the wire may hang out of the 
window, but so as not to Umcb tlie 
groun<l. Tills last N\ire is called the 
aerial wire at the receiving station. 

There is still one thing lacking, 
namely, something to make the clianges 
wliich go on in the receiver perceptible 
to our senses, but before this is de¬ 
scribed let us consider what we have 
now mranged—the circuit containing 
the battfery and the simple coherer 
already described. What happens is 
this. The liattery is always wanting 
to send a current down the needle to 
its point, and through the point to the 
aluminium plate, and so back to the 
other pole of the battery. It meets 
with no success in this endeavour, be¬ 
cause the contact lietween the ne^le 
and the aluminium is very bad. How¬ 
ever, when one of the disturbances sent 
out by the spark intercepts the aerial 
wire it sets up a disturbance in the wire 
itself, which has for its effect that the 
contact between the needle and the 
aluminium is much improved, and a 
considerable current at once begins to 
flow in the circuit. We want, there¬ 
fore, something to enable us to appre¬ 
ciate this current. The simplest tUng 
is a galvanometer, wliich need not be 
a very sensitive one, and this should 
be connected up somewhere in the 
circuit—for instance^ between the 
batteiy and the wire supporting the 
needle—so that any current when it 
comes may flow through the galvano¬ 
meter and deflect it. If no galvano¬ 
meter is obtainable, a telephone re¬ 
ceiver can be connected up instead of, 
and in the same way as, the galvano¬ 
meter, and then the current when it 
arrives will prcKluce a click in the 
telephone. The unfortunate tiling is, 
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however, tliat when once the contact 
between the needle and the aluminium 
^ has been made better by the influence 
of the sp^k, it remains better, and so 
the apparatus is no good for receiving 
a second signal until the contact has 
^ain l)een mode bad. This can be 
done by tapping the aluminium with 
the finger very gently. If, therefore, 
our experimenter wishes really to trans¬ 
mit signals instead of merely satisfy¬ 
ing himself thsit such a thing is possible 
—that is, if he is not content with 
an ap|)aratus he Ivis to tap lietween 
each signal -he must devise an auto¬ 
matic bipper. This can l)e a clockwork 
arrangeuieut that is always tapping, 
but a mud) letter way is to proceed as 
followsInstead of the galvanometer 
or the telephone insert in the circuit a 
small electro-magnet wound with fine 
wire, wliidi will attract an armature 
when the current passes. The motion 
of this armature is utiliseil to close a 
second circuit contaimiig a lottery and 
an electric IjcH— tliat is, the armature, 
on being attractc)!, acts the juirt of the 
person pushing the button and rings 
the bell. Such an arrangement is 
known a relay. The liammer of 
the bell not only hits the Ijell but ta|w 
the aluminium. Here, then, you have 
a complete apparatus, which signals on 
an electric bell. Starting with a l>ad 
contact l>ctween the aluminium and 
the needle, a spark is iiwule iu the 
motor-shed Iwlow. Tlie contact be¬ 
comes gowl, the current flows, the 
armature is attracte<l, the bell circuit 
is closed, the ImjII rings, the aluminium 
is topped, and the contact gets l)ad 
a^in ; the current ceases, and the bell 
circuit is o|)ened and tlie bell stops. 

If tl)is receiving ap|)aratU8 is fairly 
sensitive it will respond to the sparks 
from an electric gaslighterin the same 
nwm, but probaUy not from a greater 
distance. Ordinary substances like 
stone and bricks ^d earth do not 
materially stop the pass^ of t!)e dis¬ 
turbance, but it is stopped by a metallic 
body which conducts electricity, and is 
partially reflected thereby. Thus the 
spark which oocura in the cylinder of 


a motor-car sets up no outside disturb¬ 
ance, as the cylinder, walls are entirely 
i opaque to it, and completely aliworb 
1 the eneigy of the spark. With ap- 
! })aratus such as has been described it 
must not be expected that s^nals (»n 
be transmitted to any disbince; but 
with afeir-sized induction coil, giving, 

I say, a 4-in. spark, messages can be 
' sent several hundred yards. In trans- 
' mission to a greater distance much 
I more jjowerful apponitus is required, 
and the aerivl wires have to be made 
; very long and the masts to cany them 
j very high. 

1 If our ex{)erimeiiter is possessed of a 
1 good induction coil it is worth while 
investing in a proper coherer and relay, 
‘ neither of which is at all expensive, 
j A coherer mode of nickel and silver 
I flliiigs in an exhausted glass tube is 
I wortii al)out six shillings, and a vezy 
good relay may be purcl^ed for about 
thirty shillings. It behoves the would- 
be purcliaser, however, to remember 
that tlie {Ktssession and use of these 
occult pieces of apparatus is an offence 
against one of the most absurd Acts of 
Parliament ever passed—-namely, the 
Wireless Tel^rapliy Act. (‘ E.R.C.,* 
in the ^ Manchester Guardian.’) 
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Telephony. 

Trangmitters.— The microphone 
has been so named from its power of 
increasing sounds resulting from me* 
chanical vibrations transmitted by solid | 
substances, and thus rendering audible i 
such ordinarily mau<lible sounds as a | 
fly’s footsteps on the stand of the in* ' 
strument. Its action is thus described 
by Prof. James Blyth. 

Action.—Iw the iiiiCTophone trans¬ 
mitter, as usually employed in circuit 
with a l»ttery and a l)ell telephone, are 
essentially two pieces of carbon resting 
liglitly against each other, through 
which the current passes. That the 
instrument may work eftectively, two 
things are requisite: first, that the 
carbons be always in contact, or at least 
sufficiently near for the current to pass 
between them; and secondly, that 
they may not be pressed tc^ether so 
tightly as to prevent any motion of the 
one relatively to the other. This 
state of things is sufficiently well de¬ 
scribed by the term “loose contact.” 
To understand the action of the micro* I 


Fig. 178 illustrates how this may he 
done : a, b, care three blocks of brass, 
firmly fixed to a heavy wooden sole- 
plate. To the top of a is soldered a* 
piece of ktisa tube k, about 2 in. long 
and I in. bore. To the top of 6 is 
soldered a piece of similar tube ifc, 
aljout 4 in. long. Through c passes a 
fine screw s worked by a milled head 
m. A piece of carbon-ro<l r is fixed 
firmly into h, and has a hole | in. dia¬ 
meter drilled tlirougli its centre. A 
long piece of carbon /, pointed at one 
end, passes tightly through the tube 
and can be moved Ijackwards and for- 
words by the screw 8. A piece of India- 
rubl)er tube / is jwssed over the left 



Fig. 178. 


phone, it is necessary to find out what 
efiects are taking place at the loose 
contact when the instrument is acted 
upon by sonorous waves. These are 
twofold: -first, the effect produced by 
the sound waves (that is, the variations 
of density due to the condensations 
and rarefactions of the air), which pass 
directly through the air when they 
arrive at the loose contact; and 
secondly, the effect fffoduced by 
tremors set up in the entire instru¬ 
ment, wooden supports, and carl^ns 
together, by the sound waves which 
st^e gainst it and are thereby 


end of the tul)e A, and to this is at¬ 
tached a mouthpiece n. By means of 
I the wires se. and y soldered to the car* 

! Xnm rods, they are put in circuit with 
the battery d (20 Grove’s cells) and the 
I telephone t, which must either have a 
I small resistance, or be placed in a 
I sejiarate circuit from that containing 
tlie lottery, so as to be acted upon 
inductively. 

When the carbon/ is screwed tightly 
into the hollow of c, the circuit » 
completely closed, and no sound 
uttered into is heard at t. But when 


stopped. ; / is drawn gradually'back until small 

Fur distinction, the first of these | electric ares are seen to jtass between 
may be called the air effect, and the ; / and r, every sound uttered into n U 
second the tremor effect. To isolate . loudly and distinctly reproduced in 
the Ml* effect, it is obviously necessary j the telephone t. Here is clearly only 
either ipfix the carbons rigidly in their | the air effect acting, and that solely 

supports, so ^ to avoid any motion of ’ . 

the one relatively to the other, or to 
use a st^mg current and place them 
just ciw of contact with each other. 


upon the sinaii electric arcs passing 
the carbons. It is somewliat difficult 
to get the sounds to last for any length 
of time, in consequence of the arc 
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distance soon getting too great for the 
current to pass, and requiring re-ad- 
.justment. 'When the arc begins and 
ends, a sharp click is heard in the 
telephone ; but in the interval during 
which the arc lasts, the sounds are 
distinct. 

As far as the tremor effect is con¬ 
cerned, it is obvious that the micro¬ 
phone action must <lepcud cither (1) 
U))on the variation of resistance due to 
variation of pressure, or (2) to varia¬ 
tion in the extent of surface; contact 
due to the elastic yielding of the car- 
1)0118 uinler pressure. 

To test the first of these causes, Prof. 
Blytli made experiments on the effect 
of pressure upon the specific resistance 
of carlion. For this purpose he took 
a short length of carbon rod, and sol- 
dered wires to it at a sliort distance 
from each end. By meims of thiwe 
wires the rtjsistance of the carlxiu nnl 
was balanced in the Wlieatstone bridge. 
Pressure was then applied by mejins of 
a lever to the carbon in a longitudinal 
direction. No appreciable variation in 
the resistance was ol)served even umler 
considerable pressure ; and it only be¬ 
came manifest when tlic j»ressure was 
sufficient to IicikI or crush the carlion. 
Similar experiments, witli the same re¬ 
sult, have lieen ma<le liy Pn)f. Thomp- 
sou. Hence it can birdly l>e lielieved 
that variation of specific naistaucc due 
to pressure can have the slightest 
effect in producing the microphone 
action. 

To test theswond cause above men¬ 
tioned--tliat is, the variiition of resist¬ 
ance due to variation in the extent of 
surface contact due to clastic yielding 
under [in'ssure—Pnd. Blytli experi¬ 
mented as follows. In the ap]>aratus 
alreaily de8cril)ed, he repliu^ed the tu¬ 
bular carbon by a finely-pointed piece, 
so as to ba\’e two fine points exjictly op¬ 
posite each other. The resistance of 
the points wiks balanced in the bridge 
in the usual way. IVessure was then 
applied by a known number of turns 
or parts of a turn of the fine screw, 
and the cliauge of resistance was 
noted. The screw yvos then broi^bt 


back to former position, and the pres¬ 
sure relieved so as to allow the el^tic- 
ity of the carbon to act and restore 
the points to their first condition. 
It is obvious that if the change of re¬ 
sistance were due merely to elastic 
yielding, it should now lie the same as 
before. This was found not to be the 
case. From the gritty nature of the 
carl)on, the points of contact were per¬ 
petually changing, and hence the 
variation of resistance produced in 
this way ol)cyed no regulitf law. 
Fn)m this irregularity it is impossible 
to conclude tliat this cause could ex¬ 
plain the transmission of musical 
sounds, far less articulate speech. 

As far as Blyth'a experiments go, the 
following appears to be something like 
the true explanation of the microphone 
action. What he has termed Hie air 
and the treuior effects take place si¬ 
multaneously. Tlic tremor effect pro¬ 
duces a jolting of the carlxins sufficient 
to allow momentary minute electric 
arcs lake place between tlie points 
which are just clear of contact with 
ejich othei*. Simultaneously with this, 
the air effeiit comes in, and on a(;count 
of tlie variations of density due to the 
condensations and larcfactioua of the 
air, Jicts ufion the minute electric arcs 
so as U) vary their resistance. The 
tremor effect explains merely produc¬ 
tion of the musical pitch of the sounds 
heard in the telephone, whereas it is 
to the air effect that we must look for 
tlie transmission of the quality of the 
sounds uttered into tlio microphone 
transmitter. Tlie microphone is thus 
so far a delicate make and break ana¬ 
logous to the old Heiss transmitter, 
with the important addition, however, 
of minute momentary gaps filled with 
a material which is sensitive to the 
minute harmonic variations of the at¬ 
mospheric density which constitute 
sonorous vibrations. (Prof. Blyth.) 

CVwinte/foa.—Instructions will now 
be given for the construction of micro- 
pliones of various forms and patterns. 

(1) Siiii])le MuTophone, cajtable of 
making the tramping of a fly, etc., 
audible (Fig. 179).—All the battwy it 
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requires is a piece of avrbonand zinc or 
copper and zinc, about 3 in. square, 
with a piece of blottiug-paper between, 
damped with vinegar. It answers 
equally as well as an expensive batteiy. 
/ is a box, size immaterial, say 4 in. 
square; over the top is stretcheil a 
piece of vegetable parchment; a, pieces 
of carbon filed to a knife-edge at top, 
to support small stick of carbon, b ; c, 
piece of wood glued to a and to parch¬ 
ment top; d, wires connecting a with 



the ticking of the watch can be heard 
distinctly, take it out and place it on 
the top of box, resting the ring on the 
piece of wood c. With a moderately 
good telephone, the ticking will be suf¬ 
ficiently loud to 1)6 heard across a good- 
aize<l room. For flies, cover the top 
with a bell glass, or put them in the 
box and close up the ojjenitig. When 
using a i'ommon pin instead of b, flies 
may be heard running about almost as 
iliatinctly as with the carl)ou. A 
human hair dn^wn across the j)arch- 
ment is heanl iis a rustling sound in 
the telophoue. The ex|H*rinients 
shouhl l)e coiulucted in a <|uiet room, 
as the sliglitcst conscrsatioii or move¬ 
ment affects the microphone, and on)- 
duces a jarring noise in the tele- hone. 
(T. Cuttriss). 

(2) Adjustable Microphone.—Get a 
piece of <^-iu. deal, about 4 in. 1 3 in., 
polish it up, and ebonise it. Under- 



Fig. U9. 



Fir.. 180. 


binding-screws r. An old sewing ma¬ 
chine needle makes a good drill for 
drilling tlie holes into wliich the wires 
are wedged tight with the point of a 
pin. B is another form, scarcely so 
sensitive, but less liable to accident 
]ht)m flies walking over it. a are two 
pieces of carbon about \ in. s(|uare, 
fastened t(^thcr by being glued to a 
thin piece of carrl which reaches aliout 
half-way up. The top of the carbon, 
in the centre, is cupped so as to 
hold a small pellet oi carbon, rang¬ 
ing in size from a mustard-se^ to 
a pea; 6, wires to binding-screws. 
When all the connections are made, 
phboea watch at the l)ottom of the box 
at and gently push the carboif piece 
6 it is almost falling over. A little 
practice will soon en^ie any one to get 
^ very fine balance. The finer the 
balance, the better the result. When 


neath put four corner pieces, two of 
whichareshownatA, Fig. 180. Nextfix 
one of the carl)oii pieces on the boanl. 
In one corner of thelioard cut a square 
hole through, as at «, then Kt your 
carbon block and bore a hole half-way 
thn)ugh it, making the hole wider in¬ 
side (il). The carbon block is sunk 
slightly into the hole at a, a piece of 
copper wire is inserted, and melted 
lead is poured into the hole, binding 
the carbon block on and making a 
good connection between it and the 
wire, which is then connected under¬ 
neath to the binding screw at b. ■ Then 
get a slip of thin “ latten " brass about 
2 in. long 1^ ^ in. broad, and punch 
two small holes in it, one at one end o, 
the other in the middle d. At the 
other end a piece of gas carbon, about 
I in. by ^ in. by 4 in., is i^tened by 
means of melted i^d. The end o k 
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then fastened down with a screw and 
washer, the carbon end in this jiositioii 
being about | in. from tlie carbon 
block. A small spiral is made with 
No. 32 copper wire—this is put on a 
taper wockI screw, which is screwed 
through d till the two carlwn surfaces 
touch. If small sounds are intended 
to be shut out, the screw is tightened. 
It may, of course, be used with a 
Boundboanl if desired. (‘Kng. Mech.’) 

(3) Gives excellent results in trans- 
mittii^ the human voice and musical 
notes (Fig. 181). The upright board 



has a circular hole a cut through it, 
about 21 in. in diameter. Over this is 
gummed some v<^etable parchment b, 
which, when the gum has well dried, 
is wetted and dried several times till 
quite taut. To the centre of this is 
hxed the upper carbon block o 
means of a screw and a small wooden 
nut, and the wires are connected with 
battery and telephone in usual manner. 
I have only tried a 2| in. hole, but am 
inclined to think that an improvement 
may be made by varying the size of 
the hole and the position of the carbon 
blod: on it. (T. J. Mercer.) 

(4) Will ironsmit distinctly the 
loudest voice and the lowest whisper, 
when such are spoken 10 ft. or 12 ft. 
distant, without the smaHest jar, and 
in the same tone as the speaker’s voice. 
(Fig. 182). Take a piece of very thin 
deal, 5in. by in., smoothly planed; 
fix to it the sides in. deep, equally 


t.bin ; now add ends | in. thick. You 
will then have a lidl^ box whose 
bottom and sides are very thin and 
smooth, but with ends much thicker. 
Hold a stick of cask-wax in the dame 
of a spirit lamp, and run it in the 
seams where the sides and ends join— 
of course having previously glued them; 
screw this firinly through ite end, to 
a stout base-board 3 in. by 7 in. In 
this box fix an onlinary microphona; 
to the centre of the vibrator, oement 
a piece of iron wire. It is only neces¬ 
sary now to make a stand upon which 
to place a horse-shoe magnet; the 
stand, with tlie magnet upon it, must 
1)0 in height so that when placed upon 
the l»ase-board the feet of the ma^et 
will stand f»rallel to the iron wire. 
The magnet may be fixed to the stand. 



but the stand must be free, so that it 
can be moved backwards or forwards 
on the base-board, nearer to or fartlmr 
from the vibrator. Having connected 
your batteries and telephones, bring 
the feet of the nu^et within | in. of 
the iron wire (the wire miut not touch 
the m^et). Now sp^, stending 
3 or 4 ft. away—^your friend will then 
report to you through the telephone 
the result; if not satiB&ctory, move 
the magnet farther away, until the 
voice is clearly heard, and in its natural 
tone. The results are equally as 
saris^tory as wonderful, the magnet 
merely acting as an easily adjustable 
spring in controlling superfluous vibra¬ 
tion, which is the cause of that pecu¬ 
liar and annoying jarring sound. ^(R. 
Biakeborough.) 

(6) Get a thin Ut of board about 
6 in. by 3 in., supported at each comer 
by Uttle feet, al^ two small blo<^ of 
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carbon with a hole through the middle I 
and a notch at the side of each ; screw | 
them into the board al)Out l^in. apart I 
by binding-screws, and across them, 
•r^ing in the notches, put a bar of 
carbon ; it will much improve it if the 
carbon is heated red-hot and plunged 
into mercury. The niicroplione is now 
complete. To connect it, join one 
terminal of microphone wth one pole 
of the battery and the oilier with one 
pole of the telephone ; the second Ut- 
minal of the telephone is joined with 
the other of the liattery. (E. 11. Hills.) 

(6) The following arrangement of , 
microphone transmits speech clearly, j 
The sketches are sectional (Fig. 183). j 
(I, side of 1 k>.\ ; h, one of two |Heces of j 


1 nary Bell tJelephone, remove the mt^et 
I and coil, cut ott' the loi^ end or handle 
I which contained the magnet, and plug 
uj) the hole in the case; turn the two 
cups out of a piece of a nmnd carbon 
rod § in. in diameter, an<l make the 
liall out of a piece of round carbon rod 
in. diameter. Secure one of the 
cufis to the centre of tlio wwiden case 
of the telepliono hy a small screw, 
and the other cup to the centre of the 
iliiiphragm of tlic telephone by a leaden 
rivet; place the Ciirhon Itall in the cup 
which is se(njr<'d to tlic case, and place 
, the diaphragm with the cup attached 



copper between which the horizontal 
piece of pencil carlion c is spindled so 
that one end rests lightly on the other 
piece of pencil carlxm which is fixetl 
upright; &, the two pieces of copper 
mentioned liefore; c, endof tlic hoiizon- 
tal piece of carlion, under which a fine 
watch-spring /passes. One end of the 
spring f is screwed on to a woixleu 
block c. Tlie pressure of the spring / 
against the end of the carlxin c is regu¬ 
lated by the screw rf, which 1)08808 
through it. Use a Bell s telephone us 
the receiving instrument. Speak in a 
low clear tone (juite close to the micro¬ 
phone, and if the voice cannot be heard 
well at^the othcrend of the line, tighten 
the screw d, tliercby easing the pressure 
of the spring / against the cvl)ou c. 
On the other hand, if too much vibra¬ 
tion is he^, l<x)sen d a little. Use 
either a small bichromate battery, or 
a single No. 2 Leclanch^ cell. Eng. 
Me^'> , 

(7)’<hip-and-l»Il Microphone (Fig. 
184).—To (Jonstruct the cup-and-ball 
microphone, te^e the case of an ordi- 


I to it in its former position in the tele- 
' ])hone case, having of course first 
carried u wire from each carbon cup to 
' a terminal screw; see that the two cups 
' are concentric; screw in the mouth- 
I piece, and the microphone is complete. 

I The microphone must he mounted in 
: gimbals like a looking-glass, and slightly 
i inclined backward or forward, until it 
I speaks quite clearly, when it may be 
1 clamjjed. Each microphone has one 
position in which it sjieaks best, and 
this position must l)e found by actual 
' trial. If the iuicn)j)Iione is intended 
t for ordinary use the diaphi^m should 
I he made of thin deal, stnught-grained 
: and about It in. thick ; after the carbon 
^ cup is attached, the w(s)den diaphragm 
; should receive, in the side ^^nst 
; which you speak, a coat of thin white 
I hard varnish, put on in a dry room 
witli a wide brush. 

In the sketch, a are the carbon 
cups, b is the carl)on pea, d is the dia- 
phnigm, and the shad^ I)art8 repiesent 
the telephone case, which, as drawn, is 
not closely screwed up. The open in- 
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tenor part of the ct«e, i.cf. tlie part I hard as you can luake it. Take the 
whicli determines the area of the free : oirhon pea which you have roughed 
vibrating fjortion of tiie {liaphiugm, ! dow'ii in tlie lathe, put it in the hole 
should he 2} in. in diameter; the other in the steel plate, rub itrouinl in every 
dimensions may be varied acconling to ^ direction l)eiweeu the finger and 
fancy, but the ciirlxm cup attached to '• thuinh, and after a while it will pass 
the <liaphragm should not be more than : through the hole and be almost a true 
about i in. in length. There is nodif* | sphere. I have mjule the carbon Imlls 
ficulty in turning the carbon cups, the i by lx)th these pnHXJsses, and though 
only tools retjuired being a bradawl, | the latter is by far the more accurate, 
winch makes a capital drill forcarlwn ; ' the former has answered very well, 
an old file to smooth down the bivck ■ One plate will makeagreatmany balls, 
and face of the cup, winch can, how* | In all microphones, the points actuidly 
ever, l)e done with emery-paper; the in contact, or which regulate the 
stump of any old small chisel ground current, oxidize, and when tliis is com- 
to a long cutting 8lo}>e ; and a fret-saw. ! plete, the current M ill not pass. In 
It is desirable to turn a small piece of this cup-and-ball microphone, fresh 
box-wood to such a shape as will fit ‘ surfaces are constantly cominginto con- 
into the cup when completed, and by tact, and a sliake will always ensure 
pushing this lightly into the cup ) this. If the microphone is properly 
whilst it is running in the lathe, the ! constructed, the liail should rattle 
interior of the cup will bo smoothed, j loudly when the microphone is sliaken. 
and in many cases polished. To make ; In screw iug up the microphone, tlie 
tlie ball, chuck a piece of iu. round | diaphn^jm should not be pinched too 
carbon rod, and at the end turn a i tightly. The best way is to screw it up 
round head, like the head of a pawn ] a little too tight, ami then slacken it 
in a set of chessmen ; get it as nearly i slightly. This microphone need not 
round as possible—a file is the best ' be round iu shape; it can easily be 
tool for this — and then cut it off ; rub I made square, in which case the dimen- 
ott‘ any projections on emery-paper, sions should not be less than 4 in. by 
The remainder of the process may be 'i in., and a mouthpiece may be dis- 
done in two ways. (1) Tack a sheet peus^ with. I have made a micn>- 
of emery-paper on a board, secure an- phone witli four sets of cui>sand balls, 
other piece of emery-paper to a eon ve- the diaphragm being about 7 in, in 
niently-shaped piece of wood with a diameter, and the cups arranged with 
flat face ; put the carbon |)ea on the three pairs equidistant inacircle Sin. in 
emery-pa|)er tacked on the board, and, ' diameter, and the fourth pc^ in the 
with the other piece of emery-pup^- I centre; the cups in tlie diapliragm 
covered wood, rub the pea about in being connected together, and the cups 
eveiy direction between the two, and | on the back or case also connected ; 
with a little care the pea will be(x>me ' witli this arrangement, a very strong 
nearly a true sphere. (2) The other battery may be used, when the articu- 
way, advised by Ye^tes, of King Street, lation is a little louder, but scarcely so 
CoventOardeUfis—takeapieceofsheet- distinct as with one pair of cup^ only, 
steel about as thick as a screw-blade, If a multiple microphone is made up, 
imd about 2 in. loi^ by | in. wide, soften the cups should not he less than in. 
it^ chuck it by means of sealing-wax; nor more than 2 in. apart. 

a hole, about | in. in dimeter, The receiver is made as follows;— 
through the centre—the exact centre Take a round piece of mahogany, or 
is not required ; then with a very keen- other dry wood, 2 in. in diameter and 
edged too] ^laige this hole to about | in. thick ; in the centre make a cir* 
A in, diameter, and take care that the cular bole the size of a sixpence to t^e 
eoges of this hole are left sliarp and not the electro-magnet: on one face mark 
rounded; then harden the plate as a circle the size of a bronze penny ; just 
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outside this circle, and touching it, 
make three holes equidistant from one 
another, and the size of No. 9 B.W.Q. 
iron wire ; in each hole }>ut a piece of 
this iron wire, long enough to project 
a little from the wood on ^h side; 
the electro-magnet is made of a piece 
of the same No, 9 B.W.G. iron wire, 
slightly less titan | in. long, and the 
reel is the size of a sixpence, f in. loi^, 
and wound with No. 36 sUk-cover^ 
copper wire ; the electro-magnet is 
pla^ in the hole in the wood, the 
end of the wire is carried out to con¬ 
nect with the terminals, and the whole 
is boiled in parafiln. Two pieces of 
thin wood, about -^g in. thick and 2 in. 
in diamet^, are a^ required. In one 
a recess is made the size of a penny 
and rather less than ^ in. deep; in 
the other a similar recess, but with a 
central aperture about | in. in dia¬ 
meter, to permit the sound to escape; 
two discs of thin iron, 5 mil. thick, or 
ferrotype plate, are also requii^. 
Take the disc of wood contuning the 
electro-magnet, the wir^ of which 
have, of course, been led to convenient 
terminals, hie down the ends of the 
three iron wires cm one side of the disc, 
until one of the thin iron discs, when 
laid upon these three iron wiros, will 
almost touch the core of the magnet; 
let this plate remain on these three 
wires, put on the recessed disc of wood, 
which is without the central aperture, 
and secure it by three sa«WB. The 
setting of the other thin iron plate re¬ 
quires more eare, but is done in the 
same way, the projecting ends of the 
thin wires being filed down until the 
other thin iron plates, when placed 
upon them, and the whole put in circuit 
with an articulating microphone, speaks 
distinctly : the recessed disc of wood 
, With the central aperture is then placed 
upon the iron pkte, and secured by 
three screws, which must not m 
' tightened too much, or the pkte will 
not iQ>eak deurly. We have now an 
elect^mwet between two thin iron 
^ pkt^, wmob pktes are in metallic con- 
neotkm with one another by the three 
Iran wires one pktobemg adjusted at 
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the best ‘spotdEing distance from the 
core of the magnet, and the other pkte 
as uear to the core of the m^et as it 
can go without touclung it at any 
time. 

The above directions will enable any 
one to make both the cup^and-ball 
micrephone and the electro-magnet re- 
ceivera ; but remember that a good 
receiver is of no use with a bad trans¬ 
mitter, nor a good transmitter with a 
bad receiver. I have had the^ instru¬ 
ments in use for two years: they work 
admirably and give no trouble. For, 
telephone work, I prefer the gravity 
Banieli battery to any other, but 1 
intend to try the iron perchloritk 
battery. (H, B. T. Strar^ymys.) 

(8)F^. 186.—^Thedkphragm is con¬ 
structed of white or yellow pine, four 
holdere are glued to the sound-board, 
and, when dry, the pencils are put in 
pk<^ loosely ^ placing the remaining 
four holders. Connections of copper 
wire, cleaned well, about No. 30, are 
pkc^ in the grooves in the carbon 
holders, twisted up, and a touch with 
soldering-iron afterwards makes all se¬ 
cure. On the opposite side of dkphr^^m 
is lightly glued a rubber-ring, about 2| 
in. in diameter, which r^ts when in 
box against tlie front, and the pressure 
is r^ukted by ^ in. thick and 6 in. 
square; ontheedgesaregluedtwostrips 
of wood a, about ^ in. thick, shap^ 
like a brid^, about | in. at the middle 
and tapering gradiudly at the ends; 
these are glued across the grun, and 
prevent the sound-board 6 twist¬ 
ing. The carbon pencik c are made 
from electric - light pncils No. 2, 
obtained from any electrical supply 
house, and the pencil-holders from 
No. 5 pencil. The pencik are 2 in. 
long, neatly filed to a point, and fitted 
into a smidl leaden tulto d. The tube 
used for pneunmtic belk answers irell. 
Round the carbon is glued a leather 
collar e, which secures the lead in place, 
and acts as a damper in preventing the 
sound given by the carbon itself. This 
is heairi if a small piece of carbon u 
struck, and is the cause of the metallic 
noise so often heard in microphoaeB. 
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'Die length of the leaden tube ahould 
be in. 

The i>enciI*holder8 are cut alx>ut ^ 
in. long, a hole is drilled half-way 
through, and a groove is cut round, as 
at /; a screw <j, filed to a square, and 


switcli and bell. The angle of iniaro- 
phone box is 10® to 12®. 

(9) 1^. 186.—The instrument con¬ 
sists essentially of two springs secured to 
a small base-piece, and each supporting 
at its u^iper end a piece of ordinary bat- 




moved by a key. Tliis rubber-ring 
acts as a dainjMtr, and prevents noise 
and rattling. 

The sound-board is fastened to the 
inside of the box by a leatlier hinge 
glued along tlic upper edge; and on-a 
slip of wood, the tluckness of rubber¬ 
ring, a small spring presses at the lower 
edge of Ixxvrd, wMch keeps it close to 
the screw <j. 

The sound-Iiole in mouthpiece is 1 in. 
in (haineter, and the 1k>x is inwle of 
well-seasoned mahogany, | or | in. 
thick, solidity being essential; the in¬ 
ternal diameter of ^x is about in., 
leaving a space of about | in. all round 
the bikrd, except at the upper edge, 
where the leather hinge is glued on. 

When the adjusting screw allows the 
diaphr^a to press lightly on front of 
box, the instrument is in order for 
spewing, and 8 to 10 in. distance gives 
fot-rate results. The voice should be 
just as in ordinaiy couveraation; 
music, such as violin, is beautifully 
heard through a telephone-receiver. 
T^o or three Leclanchl cells are suffi- 
dent for ordiiuuy purposes. The 
microphone can be used well without 
teduotion-coil, and can be fixed to any 
of the existing arrangements with 


terycarbon. Thesetwopieces of carbon 
are placed in light contact, and the 
two springs are placed in an electrical 
circuit in which there is also a receiv¬ 
ing telephone of the Bell form. The 
instrument is represented secured to a 
smallsnunding-lx^rd. Thetwocarbon- 
supporting springs are fastened to a 



single base by the binding-posts whic^ 
receive the lottery wires. An adjust^ 
ing screw passes through one of the 
springs at or near its centre, and bears* 

r 'nst a rubber button projecting from 
other spring. This simple device, 
when plac^ on a table, indicates in 
the receiving telephone the slightest 
touch of the finger on the table or <m 
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the instrumeut. Blowing on it makes 
in the receiving instrument a deafen¬ 
ing roai*; drawing a hair or a bit of 
cotton across the cai-ijon is distinctly 
audible in the receixing instrument. 
When the device is pLiced on a siimll 
sounding-board, every sound in the 
n)om is received and transmitted. An 
ant running across the souniling-lxwrtl 
can l>e plainly heard, and a touch upon 1 
the instrument or tlie Pible which sup¬ 
ports it, wliich without the microphone 
would he entirely inaudible, can be dis¬ 
tinctly heard in the receiving telephone 
by aid of the instrument, even though 
miles inten'eue. When it is placed on 
a violin, blowii^; lightly upon the 
strings produces a3olian liarp tones in 
the receiver, and a song sung to the 
violin is renders! in the receiving in¬ 
strument with an aH>lian harp accom¬ 
paniment. When mounted on a violin 
or sounding-board it will transmit arti¬ 
culate speech, uttered in any |)ortion of 
a room of ordimny size; it will receive 
and transmit the music of a piano, and 
even the sounds of turning the sheets 
of music may be heard. Whistling, 
flute music and other sounds are trans¬ 
mitted with their characteristics of 
volume, pitch, and timbre. This in¬ 
strument, although so very simple, is 
capable of doing all that has been done 
by other instruments of an analogous 
character, and it will be determined by 
further experiment whether it will do 
more. Although carbon contact points 
are preferable, they are not absolutely 
essential to the operation of the in¬ 
strument, as metallic points will do the 
same things, but not so satisfactorily. 
(Q. M. Hopkins.) 

(10) Microphone for Reproducii^ 
Speech (Pig. 187). It consists of a box 
of tiiin wood, the front of wliich is per¬ 
forated with a bole large enough to 
receive the tube of a common string 
telephone, the'parchment membrane 
d, stretched over the inner end of 
which, is kept level with the surface 
of the b^Ard on the side at whicii the 
microphone is placed. Tlie membrane 
d carries in its centre a small piece of 
metallised pine charcoal c, which is 


connecteil by the wire <j and bind¬ 
ing screw k to the lottery wire. A 
vertical lever delicately pivoted on two 
|H)iuts at A, cairies at its upper end 
another piece of simiLir charcoal p, 
which is l^htly 
pressed against 
the piece c. The 
lever is connect¬ 
ed with the cir¬ 
cuit by moans of 
the wire and 
binding-screw j, 
and the pressure 
with wliich it 
liears on the 
charcoal, carried 
by the mem¬ 
brane d, is regu¬ 
lated by a light 
I spring and silk 
i thread actuated 
by the tension 
screw t. With a 
batteiy of six or 
seven Leclauch^ 
cells, words can 
lie transmitted 
.an<l receiveti; hut they, are always 
much less accentuated tlian with the 
Bell telephone. The apparatus, how¬ 
ever, app^s to be a neat and handy 
form of microphone to employ for 
speaking purposes, and can be made 
very cheaply. (TIl du Moncel). 

(11) Hughes's Microjihone. — In 
order to hew the tramp of a fly, the 
microphone is constructed as in F^. 
188; a, stidt of carbon (preferably 



Pro. 188 . 


the round compressed pencils used for 
electric light), pivoted on its brass 
support at c, and rating by the slight 

C ure of its we^ht upon a sii^ 
of metallised charcoal (blow-pipe 
box-wood, or any hard (K)nduoting 
charcoal will serve); the wires we 



Fig. 18T. 
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connected to the pivot sup^rt at c, 
and charcoal b. Tliia structure is 
fastened to any small board d of pine, 

J in. thick, and in. or i in. tKiuare. 
This will also iK'iTcctly tmnsniit articu* | 
late speech if spoken to not closer ! 
than 1 ft. ; if loader tones are desire<l ■ 
put a small weight on n, and Hj)cak j 
within a few inches (jf the niicrojdioue. | 
(12) Making IMatcs for Microphones. 
—The following jirooess for making 
very thin plates for microplionic pur* 
|K)ses is given hy Tiicliasson, of Mour- 


quired thickness lias been reached. 
When this is attained, the plate u 
washed several times in water to 
remove the black layer of oxide. The 
plate is then alhiwed to dry, and after¬ 
wards varnished on both sides with 
Japan vamisli to prevent oxidation. 
Tins pr<x«88 permits of making micro- 
phone and telephone diaphragms as 
thin as may be desired, and at little 
cost. 

(18) Kig. 189 is a microphone which 
any person who has the materials at 



melon-le-Giand. A r^heet of ordinary , 
tinned iron of any thickness is cut into I 
plates, and rubb^ vigorously on loth I 
faces with a dry linen cloth. This ■ 
operation is to clean away all grease. 
A plate is then taken and plung^ ver- 
ticklly in a bath of nitric acid until it 
is entirely immersed. Acid which has 
already served in Bunsen batteries will 
answer very well, or better still, the 
nitnc acid of commeixo, diluted with 
J water. It is necessary to remove 
the plates from the bath from time to 
time, in order to see whether the re- 


hand can easily construct for himself. 
The vibrating plate A consists simply 
of a visiting-canl of medium thickness 
cut square. Such a shape is much 
lotter tlian round, as the latter, 

I although more elegant in appearance, 
does not give so good results. To this 
card are affixed by means of sealing- 
wax three thin and light discs of carbon 
B B B of the kind us^ for the electric 
light. These three discs occupy sym¬ 
metrically the tliree apices Of an equi¬ 
lateral triangle, and are put into com- 
munication by means of copper wires 6. 
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With this object in view, a small apef* 
ture is form^ in each disc, and into 
this is fixed the extremity of a copper 
wire either cement or Wction. The 
(»pp^ may be advanta^)usly replaced 
platinum. Finally the three wires 
are united. 

The rest of the apparatus consists of 
a square wooden base M, whicli sup¬ 
ports three prismatic carbon rods CCC, 
that exactly correspond to the three 
discaBBB. The two rods CC communi¬ 
cate 1^ copper or platinum, wires dd 
with the same terminal D. The third 
rodC communicates alone witbasecond 
terminEd D. The upper extremity of 
thesecarbonrodsmustbe chisel-shaped, 
such a form having been found to give 
the best results, inasmuch as the con¬ 
tacts become fewer in this Ciise. The 
rods are fixed to the wooden base by 
means of sealing-wax. i 

The theory of this microphone is j 
very simple. Tlic current enters, for ' 
example, through the terminal B, fol¬ 
lows the rod C and then the disc B. 
From the latter it passes through the 
wire 6, into the disc BB, to return to j 
the terminal D, in traversing the two 
rods CC. 


greater number of fine contact points 
would be made to respond to the 
vibrations, and the alterations to the 
current would be very great and pro¬ 
nounced. This prov^ to be so, and 
a remarkably efficient microphone 
transmitter was the result. The 
“Huuuings” transmitter in a simple 
form is illustrated at Fig. 190, this 



beii^ a section of the instrument. C 
is a wooden or ebonite case with funnd- 
shaped mouth-piece (against which the 
voice is direct^) at F. A circular 
diaplm^m kas its usual position at B, 
while at the back of the case is a tliiu 
disc of carl>on, E. Between this back 
disc and the front diaphragm the sj^ce 
Sis loosely fille<l with granular carbon. 
The line connections token from 


This little instrument will prove the Ixick disc and from the front dia- 
very sensitive to tlie voice and all i pliragm as shown, 
noises, provided tliat the plate A be Fig. 191 illustrates another example 
given a proper weight, one that is ^ known as the “ Byng ” microphone or 
neither too heavy nor too light. If | 
this be done, the voice of a person 
speaking in an ordinary tone may be 
distinctly heard at the end of the 
room that contains the microphone. 

The sounds of a piano are particularly 
well rendered by it. The apparatus 
must be placed upon a table at a dis¬ 
tance of two to three yards in order to 
«pA)tect it from the jarring of the earth. Fir. 191. 

• Two or three Iveclanche cells will be 

sufficient to operate the instrument. transmitter. This illustration only 
The more modern form of transmitter shows tlie active yiarts in section, the 
used in telephone work is that due to ; case Iteing omitted to make the de- 
BonniE^, the inventor, who origi- ^ scription clear. In this there is the 
Dated the idea that by liaving twosur- j customary diaphragm marked B, whUe 
^es, of t^nducting maten^ placed : K is a moulds carbon book plate, 
dpponte ' another, and the inter- These two parts are kept separate by 
▼ening space filled witli grains of carbon a ring of non-conducting material at 
(about the size of fine gunpowder) a N. Another ring of similar material 
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exists at M, but this usually cohsists 
of cotton wool. Cotton wool figures 
in many transmitters, as it acts as a 
daiiifter or delicate cushion to the dia¬ 
phragm, besides preventing contact 
i)etween the front ami back portioiw 
where neceswiry. The requisite con¬ 
tact occurs through the carlx)n grains 
enclosed in the (;up-sliapcd space (', 
and this granular nuiterial gives the 
desirable ettect of the Huimings in¬ 
vention. Connection is made with 
tlie diaphragm and with the screw at 
the back of the instrument as shown. 

One of the mcist complete and effi¬ 
cient forms of transmitters adopting 
the “ Hunnings ’’ system is the “ Huii- 
nings-conc Deckert.” This resembles 
the last in liaving avrhon electroties, 
that is, a carbon diaphragm in front 
and a carlH)n back plate ; and the sfiat'e 
between the two accomimMlates the 
ctwbon grains. The peculiar feature 
of this instrument is the fonn or design 
given to the front surface of the back 
electrode. It is moulded with a sur¬ 
face consistii^ of a number of stjuare 
conical projections or pyramids, and 
each pyramid has a small tuft of silk 
on its a}>ox. These tufts of silk act 
as a dainficr, also as a non-conducting 
barrier l>etween the two electrodes. 
They also serve the further useful 
purpose of preventing the carbon 
grains from shifting and closing in a 
mass at one side of the sjiacc they 
•occupy.* 

The diapliragm is partially lined 
with a ring of cotton wool, the object 
being to confine the contact to tiio 
centre, wliere the vibration is most 
active. In the complete instrumeut, 
one connection is taken off the screw 
in the back electrode, but the other 
'Connection is taken off the case, wliich 
is in metallic contact witli tlie dia¬ 
phragm. There is no electrical contact 
between the back electrode and the 
case, as the ebonite back to the latter 
offers no opportunity for tlus. The 
s^tallic front part m the case, how- 

* The grains are not packed is tight, only 
safficlent wing pat in to flit Uie space rather 
4ooeely. 


ever, is secured tight against the e<^ 
of the diaphragm, so that a connection 
taken from the case is as good as one 
taken from the diaphn^^i itself. The 
front mouth-piece is the usual detail 
with all transmitters, that the voice, 
or as much of it as possible, may be ^ 
concentrated and directed on to the 
centre of the diaphragm. 

Induction Coils and their 
Uses.—Batteries providing a current 
direct from transmitting to receiving 
instrument arc of little use for long- 
<liKtance work; in fact, 100 yd. is 
quite the maximum distance that 
should l)e worked in this way, as such 
an excellent aid exists in the adoption 
of the Indiiction Coil. Even between 
a house and stables tliis adjunct may 
1)6 iieccssary, and Itetween house and 
lodge gates it is nearly always reiiuisite. 
By means of the induction coil the 
distance between instruments can l)e 
calculated miles, with practically 
the some lottery power. In fact, 
where first cost is not all-important, 
it is as well to use the better forms of 
transmitters, like the Hunnii^s-cone 
Deckert, with induction coUs, for 
residential work, in lieu of the ch^per 
iustruuients that are presently reforrad 
to. 

Tlie principle of an induction coil is 
that the current set up in an insulated 
wire by a l)attery can transfer, induce 
or set up a current in another insulated 
wire tliat issuitably associated with it; 
furthermore, tluit the current of the 
first wire can be increased in force 
(though weakened in quantity) when 
ti'ansfenxHl to the sc(X>nd, and this 
means it can tmvel further owing to 
its greater ability to overcome resist¬ 
ance. Fig. 102 will explain the method 
of associating the wires. 11 represents 
an electro-magnet, and on this is fiwtt 
wound a few turns of a moderately 
thick insulated wire. This is called 
the primary coil, and connected v^th 
it is the battery and the microphone 
transmitter. Around the primary 
coil comes the secoudiuy coil of thin 
insulated wire, the number of turns 
this lias greatly exceeding that of the 
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primary coil. Connected with, or we | 
should way a continuation of, this coil 
is the line wii'e or circuit having the 
receiving in.strunicnts on it, Tlie 
finished coil netirly always has a 
cartridgedike apiwtamuce. 

W'ith the lattcry connected as just , 
^xpliiined, there will l>e a magnetic | 
Afield created arouml tlie core within 


Circuits for Domestic Dse in 
Besidences, etc —There is no 
d(»ul>t alnml tlie utility of the tele- 
plume for ilomtvtic purjxises, but 
intlierlothe cost lias liecn somewliat 
a Utr to ilp adoption, and there has 
not l*een ihc simple form «)f instru¬ 
ment we n(»w liaM‘, wiiicli can lie 
inserted in existing eleetric bell cir- 



the coils wliich will generate currents 
in the secondary coil, reproducing the 
sound waves projected against the 
diaphragm of the microphone. Were 
it not that the word bw a different 
electrical meaning, we might call this 
instrument a transfonuer, not that it 
transforms or alters the alternations 
in the primary current, but that it < 
transforms a short-distance current 
into a long-distance one, and this 
without aid or sfiecial expenditure of 
battery power. Fig. 193 shows in 
simple diagrammatic form how the 
different connections come.* 

* It would not do toconncct up a circuit like 
this k dooe wlthoutfuriberprovlslonal details. 
As H is bei^ idiowo the Iwitiery would mjuii 
become exhausted as do tiieans are provided 
lo stop the cur/eut when Uie apparatus is not 
to use. NelUier Is any r'njiing devtoe siiowu. 
Tbe dl^Tuo is giveo to explain tb« inductiou 
opfi connecthme. 


cuits. The latter, of course, makes a 
great difference, as tjuite the major 
proportion of Ismses have the bell 
circuits already, and these are practi¬ 
cally an inducement to having the 
telephone intnxlucetl. 

The fixing is exceedingly simple, it 
not being even necessary to expose or 
cut the existing wires, so that in the 
case of bell wires }>eing carried behbd 
the plaster of walls immediately they 
leave the pushes, as U usually the 
case, there is no occasion to expose 
them an<l do injury to the decora^n. 
The fixing is done by conuMting the 
two terminals of the telephone with the 
two springs of the push, as Fig. 194.* 

. • Tlite repneents tbe “ HoiiseLold " tele¬ 
phone made by Gent and Co., Karaday Elec* 
trical Works, Ijeiceeter. 'I'his firm has kindly 
supplied musi of the foUowUig diagrams ot 
wiring. 
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Tlic same method of co»mection is 
a(lonU*(l*\v)H'jiiicircuil is mnvly erected, 
as call Ih! understood by the du^rram, 
Fig. 19f>. This shows liovv to connect 


servants’ offices, it is rarely considered 
<lesimblc to [irovide means for the 
ser\iints to ring u|) their employers 
when tlicy think proper. Tliis may 



three or any number of stvtions, to 
ring up and communicate with one 
station ; but the latter cannot ring up 
either of tlie former. This is the 



method usually adopted iu r^idence 
works, for, although the master of 
mistress may desire to ring up and 
converse to and fro with those in the 


be want-ed sometimes on busings 
premises, and the wiring that is suit* 
able will be found described later. 

For the insertion of the “ House* 
liold ” telephone in an existing electric 
bell installation with indicator, the 
connections are equally simple, as will 
be seen by the dii^^ram, Fig. 196. 
This illustnition show's the extra 
w'iriug tliat is required in dotted lines. 
The four instruments iu the rooms are 
the circular pattern illustrated at 
Fig. 191, wliile the one near the bell 
has a square liack. This latter instru* 
nieiit is drawn small compared to the 
others, and is in correct proportion to 
the l)ell aii<l indicator box, whilst the 
others, connected to the puslies, are 
shown larger. 

Fig. 197 illustrates a later form of 
instruuieut wluch has been chrutened 
the “Transceiver,” owing to its being 
a separate transmitter and receiver in 
the one instrument. ThU is made to 
lie permanently attached to electric 
bell pushes, as with the preceding 
example; or it can be provided with 
the two-pin plug, here shown, which 
enables the user to carry it from room 
to room and use it anywhere that a 
push exists, provided with the neoes* * 
sary sockets. 

For circuits outside the house the 
induction coU miut form part of the*' 
sending instrument, and Fig. 198 iU\m 
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traties a complete transmitfer with the These are battery-call installationB 
coil complete. This illuatration intro- (no magneto-call being provided) and 
duces another device, invented by one battery only iarequii^fiiednw 
Gent & Co., of Leicester, this being the chief (Central) instrument). Pig. 
an arrangement which prevents the 199 shows a Central and four sub-sta- 
clogging’of the carbf)n particles of the tions, wliile F^. 200 includes a Central 
raicrojihone. It is considered that all aiul two sub-stations, one on each side.. 
granular instruments are subject to a Tlie principal of wiring is identical in 
caking or clogging of the grains, as each. A line is taken from each of 



Fio. 197. Fio. 198 


they are not disturbed in the fixed in-1 the switch studs of Central to the first 
struments, and this gradually reduces | terminal of the corr^ponding sub-sta- 
their sensitiveness. The plan of this tion. Another line is taken hrom the 
instrument provides for a partUl revo- “home line ” terminal of Central and 
lution of the microphone each time it branched to the second terminal of 
is uf»d. and this is automatically done, every sub-station. Two other lines 
in foot, without the user knowing it. are run from terminaU 6 and 7 to the 
The instrument shown has the bell third and fourth terminals of every 
comlnned with it, and the whole is sub-station. The Inductor Coil being 
worked by a batteiy without a mag- inserted in that leading to the fourth 
neto-generator, * terminal. 

F^. 199,200 and201arediagramsof Fig. 201 shows a set of instruments 
wirmginwUchaninductioncoilfigures. wired for inter-coinmunioation. The 
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necessary cable, with distinctwe colour 
for each line, is run between all stations, 
and TM off to the ditferent instruments 
as shown, by means of junction boxes. 

One battery only is needed, and is 
connected somewhere about the middle 
of the system. An Inductor Coil with 
tiuw terminals is required, and con¬ 
nected near battery as shown in dia¬ 
gram. Tlie number of conductors in 
tlie cable is always two more tlian the 
number of telephones:—^Tlius for three 
instruments use a .5-lino cable ; for live 
instruments a,7-line cable. It is well 
to allow a spare line for additional in¬ 
strument wliicli might be needed. 

Of example circuits in wliich the in¬ 
struments have no mi^!;neto-call ar¬ 
rangements yet utilise theearthretuni, 
Fig. 1^02 can lie tiiken as the simplest 
that can be erected, tliis representing 
two instruments like the last illus¬ 
trated (which may lie with or without 
the revolving microphone) connected 
up with earth return. If de.sired a re¬ 
turn wire can Ik) usetl; hut if the earth 
is used, then it must, lie what is called 
a good earth, or the current may not 
return properly, or at all. Usually a 
gas or water pipe is awiilahle, and, as¬ 
suming the pi|w passes under the 
ground (as they priu^tically always do), 
the return is connected to this. If 
these are not avjiilable, then a pump 
suction pipe, extendii^' down a well, 
can be utilised; but a pipe leading 
into an underground cistern will not 
do. If the wire mu«t go to ejirth 
direct, neither of the foregoing being 
available, then it is asual to connect 
the wire to a copper plate of alwut four 
square feet sui^e, which is buried, 
and a load of small coke thrown in 
around the plate before the earth is 
filled in. It luis Iweu found, however, 
that a piece of sheet lead of about the 
same size is practically as good a» the 
copper plate. The earth wire should 
be 16 G, or in larger jobs 15 or 14 G. 

Yot outdoor lines a covered wire is 
pnerally used for short distances, and 
IS then run aloi^ walla or wherever it 
can be most conveniently supported; 
and, in the case of longer overhead bm*e 


lines, it is a covered wire that is used 
for “ leiwling-in.” This latter wire is 
the one which connects the outside 
l»re wire with the house. The covered 
wires can Ite 20,18, or 16 Q, according 
to their lengths, and some care should 
be used to give them the most &vour- 
ablo conditions the job will admit. If 
allowed to ssig and swing, for instance, 
tlie covering will be worn off, or a 
iMully diiven staple will do as much 
Iwirin more quickly. Staples should 
be galvanised for outdoor work, and a 
strip of leather beneath is very desir¬ 
able. If, is well to carry the covered 
wires Ijenmth eaves and in sheltered 
places, :is >x>th rain and sun shorten 
the life of the covering. 

Overhead bare wires are generally 
adopted for long outdoor lines, and 
also for short, as it is usually the more 
economical arrangement in any case. 
18 G is used for ordinary spans, while 
16 (1 is resorte<l to M’hen the spans are 
unusually long. These wires, also, 
shouUl be strained up as taut as 
possible. 

The “ leading-in *' wire previously 
ixiferred to joins the liare wire at the 
last insulator (whi(di is placed as near 
the ]ioint where the wire enters the 
building os possible); and as this wire 
is outside the building the covering 
must lie of a kind tliat will withstand 
Itod weather. It may be covered with 
gutta-jierclw, vulcanised india-rubber, 
or tarred tape, and whore it enters 
through wall or woodwork the hole 
should slant upwanls that rain may 
not enter. The hole is usually lined 
with lead, comjx), or porcelain pipe. 

With liare line wires, insulators must 
l>e used on the line supports, to pre¬ 
vent leakage or {lassage of current to 
earth by way of the pillar, wall, tree 
or other object tliat the support is ob¬ 
tained from. Insulators are made of 
stoneware, which is a non-conductor, 
and they are of many forms. In every 
case three principal things are aimed 
at. First, the insulator must form' 
convenient attachment for the line 
wire; next, it must offer no opportu¬ 
nity for the current from the wire 
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to ijasH tf) the ironwork which Mipports 
the enrtheuware ; thinily, it must not 
admit of becoming wet with rain at all 
})ai'ts, otherwise the film of water will 
act' as a conductor for the current to 
pass from the wii« to the support. 

When utilisii^ trees as supports, it 
must be seen that bou^^hs do not 
touch the wire either when borne about 
the wind or weighed down by 
w'ater. When poles are used the tops 
are protected with zinc or lead caps, 
otherwi.'ie tlie weather acting on the 
end grain will quickly cause the wood 
to rot. In attucliiiig the line to the 
insulator it is ]»est to first closely 
bind over the line, where it comes 
against the insulator, with bindii^ 
wire, thus affbrdii^ protection to the 
line in case it chafes. The wme bind¬ 
ing wire—18 G soft copper—is used to 
secure the loie to tlic insulator, draw¬ 
ing the line well into the groove and 
securely holding it there. Afterwards 
it can be solder^, and it may be noted 
that in soldering the line wire at any 
[loiut it should lie done (quickly with¬ 
out excess of heat, as otherwise the 
joint may prove to lie a weak place in 
withstanding strain. The distance 
between supports (insulators) should 
not exceed 100 yards unless absolutely 
necessary. This distance should be 
considered tlie maximum ordinary 
span, and a little less span is best 
whenever convenient. 

A further diagram of a complete 
circuit (without magneto-bell) is given 
in Fig. 208, wliich is an arrangement 
the reverse of tliat given for domestic 
work, as witli this it is planned tliat 
one station can call up any one of four 
others (or more) without being called 
up itself. This would be adapted for 
a gentlemairs study, that he might 
communicate with l(^^-keeper, estate- 
man, Btebl^, etc,; or, for business 
purposes, the chief office mmld be 
enabled to call up foremen and others 
in tiieir offices. Converoation both 
ways would be carried on once com¬ 
munication was made from one to the 
other, but afterwards the switch 
^oqld entirely cut off connection. 


I The switch beii^ in the chief office 
. gives tl^ occupant of this room entire 
I control over all lines. It would, how¬ 
ever, be possible for one of the other 
stations to call up the chief office if it 
vms desired and previously arrMiged. 
To effect this, the chief station instru¬ 
ment would have a call bell like the 
others (as illustrated), and the switch, 
when the circuit was not in use, would 
be always left upon the stud connect¬ 
ing the &vour(^ station. Thus ar¬ 
ranged, a call could be sent equally 
well either way, but the other three 
stations would not partidpate in tlus 
advant^. (The Sloper system givw 
intercommunication l^tween different 
points with a single switch, as will be 
found explained directly). 

Fig. 204 slum's another wiring system 
by which a chief office can communi¬ 
cate with two sub-offices and can also, 
when desired, switch the two sub- 
offices into connection with one 
another. A relay liell is shown in the 
chief office (srr Relays, later). 

Fig. 205 shows the plan of wiring by 
which a central office can call up any. 
sub-station, and any sub-station can 
call up the chief office, but the sub¬ 
stations cannot communicate with each 
other. Ko switching is heeded in this 
case, as it is done automatically. This 
illustration shows an indicator, which 
in this work is called an. Annunciator. 
This instrument automatically puts 
the chief offices into connection with 
whichever sub-office should mske a 
call, and indicate where the call comes 
from. It is necessary to reset the 
indicator when conversation is finished 

Fig. 206 is the wiring of three sta¬ 
tions, any of which can call or be 
called by either of the others direct. 

Fig. 207 illustrates an Exchange 
System. Any station can ring up 
Central (and vice versa) and C^tial 
can connect up any two stations. Thui 
illustration is for continuous ringing. 
For uon-continuous ringing the con^ 
nections would be as Fig.208. Either 
of th^e two examples can be arranged 
for battery-call or magneto-call. 

Fi^. 209 shows a pair of magneto 
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telephoneinstruments 
with couuectionB be¬ 
tween two poiute. 

In Fig. 210 is ftn ex¬ 
ample set of wires, 
introducing “ Sloper’s 
Patent ” intercommu¬ 
nicating instrument. 
With these arranged 
in this way, any one 
station can ring up 
and converse with the 
other, and th^ mecha¬ 
nism is such that when 
two stations are com¬ 
municating they get 
a complete do^ 
metallic circuit con¬ 
necting these two 
only, so that cross 
talk is avoided and 
also listening. Only 
one switch is required 
to each, and this can 
be left in any position 
after communicating, 
without stopping or 
effecting further calls. 
It is an ii^enious and 
good instrument, and 
DO extra wiring is 
needed. The illustra¬ 
tion shows two cells 
in the nucn)phone 
circuit. If only one 
is required, which u 
generally sufficient, 
the wire from third 
terminal of telephone 
is connected to the 
next carbon terminal 
to the left. Conueo- 
tion between any twe 
points can be left out, 
if desired, without dis¬ 
turbing the remainder. 

Magneto-cftU 

Xnstrumeuti.— 

For long distance 
work, or whenever it 
is desired to avoid the 
US3 of a battery loi 
ringing, magaeto-beiii 
are used urith the 
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telephones. The principle 6f the 
■nui^eto instrument is that if a con¬ 
ductor is moved in a n^netic held 
it will have currente in it, 

and these cuirents will vary with the 
movements of the conductor to or 
from the field. The details of the 
instrument are, fiwt, a pair of (or 
three) magnets braced together, tliese 
presenting, of course, th^ north and 
three south poles. Between the poles, 
where the magnetic held exists, the 
conductor is made to revolve, this 
being a soft iron armature or core, 
over which, lengthways, is bound a 
quantity of fine insulated wire. This 
armature is supported on suitable bear¬ 
ings, but iu'^te^ of havi!^ its axle con¬ 
nected direct to the handle which 
causes it to turn, a pair of wheels 
are used which multiply its speed of 
revolution, which is thus made high. 
The rapid revolution of the armature 
causes alternating currents to be set 
up—that is generated—in the fine wire 
(which has a high E.M.F.), and the 
current is capable of overcoming a 
considerable amount of resistance. 
Tliat the wire of the ^mature may be 
properly connected with the line wire, 
the axle or spindle of the revolving 


marked P. This small pin is also in¬ 
sulated from the core by a lining of 
vulcanite. The current is taken 
the larger pin by a spring which is 
arranged to press against it. A special 
form of l)ell is needed for this current, 
and Fig. 211 shows the principle it 



works upon. The altemaling current 
makes the top armature rock as rapidly 
as the current alternates, causii^ a 
succession of rapidly delivered blows 
to be dealt on the bells above. F^. 
213 shows a magneto-generator and 
bell in case complete. When the 
receiver is on the hook of a magneto 
instrument the generator and Wlls at 
both ends are in connection. Thus 
the turning of the handle sends a 
magnetic current to ntake a call, and 
then as soon as the receiver is lifted 
off the hook for application to the ear 
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armature requires to be suitably made, the battery circuit is completed and 
otherwise the wire would be twisted conversation can take place. It should 
^ and broken in a few moments, be noted that annunciators as well aa 
is usually done as Fig. 212, which bells have fio be differently constructed 
shows the spindle with one end bored for m^etic currents tl^ for battery 
out about three-quarters of an inch currents. 

deep into which a pin is inserted with Lightning Arresters.— All tele- 

a vuloanite lining around it. This in- phones, excepting those for iidw 
sulatesthearmatureoore from the pin, ! circuits only, should be fitted with 
but the current from the armature j lightning arr^ters, a device which 
wire is made to pass the small pin > lightning is conducted to the earth 
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Bhould it discharge itself to any extent setH, th4 line \vire having a connection 
through the line wire. The silk or with one half while the other half is 
cotton insulation of telephone wires connected to earth (either to the earth 
is amply sufficient to witlistand the low wire of the instruments or separately). 


force employed in this work, but no ' 



The arrester relies for its efficiency 
largely u|)on the 
tendency tliat elec- 
tiicity has of dis- 
c:hargiug itself from 
and to points, as- 
^uming, of course, 
that the points are 
not too widely sepa¬ 
rated. This device 
has the points suffi¬ 
ciently wide apart 
to prevent the low 
cun-ent used for the 
telephone from 
jumping a(;n)ss, but 
with the E. M. F. 
of lightning the cur¬ 
rent passes almost 
the same as if they 
touciied oneonother. 
An arrester with 
three plates is used 
when connected to 
a pair of lines sepa¬ 
rately from the tele¬ 
phone. Arreeters 
for separate use are 
also made much like 


ordinarj’ insulating covering will resist 
lightning, 'with tlie rcstilt tlmt the 
instruments would Ijc destroyed if 
this greatly .sufwrior force passetl 
tlirough them. Not only are instm- 
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ment itets prodded with arresters, but 
cireumstonces, or a desire for the ut¬ 
most safety possible, ui^e the use of 
anWters intermediate points uuite^ 
common. 21 4 is the usu^ fonu 
. of arrester that appears ou instrument 


the ordinaiy cut-outs that apj)ear in 
electric light circuits. A strip of 
fusible wire introduced in the line can 
be relied on to stop a heavy charge 
of electricity, and when melt^ it can 
be easily and quickly replaced. 

Kelays.—A relay consists of an 
electro-inagnot which, when a current 
is sent through, causes a contact to be 
made with a battery in connection 
; with it, thus giving fresh force to the 
current on its way. It is a means by 
which new or extra jwwer can be given 
a current on a loi^ line. Sometimee, 
when the conditions make it favour- 
^ able, a weak current is used to work 
the relay iiwignet, wliich then brings a 
moi-e |s»werful battery into play for 
, the work required of it. A “ Relay 
Bell ” is generally tliat which is an 
I extension from the telephone, or it 
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tnay be an extra bell as »hown at Fig. 
204, in which case it is cou&ected to 
the instrument battery. This is much 
better tlian attempting to ring a bell 
connected up in scries. Continuous 
ringing relays can also be had, these 
causing the IjcU to ring continuously 
until stopped by tlie person answering 
the mil. 

b'lg. 21;") illufttratcs one of Gent’s 
relays for telephone work. Wlien the 
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armature, which is ordinarily resting 
agiunst the top screw G, is drawn 
down on to the magnet by the current 
which pass^ through C, it brings about 
a cont^t Itel.'. een A and B to which 
the wires 1) and K of the secondary 
battery are attached. Relays are made 
with single lu^piet, as shown, or with 
double magnet. 

Home-made Telephone In* 
stnunents.— (a) I have lieen for 
some time engag^ in endeavouring to 
arrange a telephone switch-board and 
telephone transmitter wliicii should 
be simple, easy of construction, effec¬ 
tive in operation, and not an infringe- 
m«it of any patent. I believe that I 
have fully succeeded iu all these ob¬ 
jects ; a patent for the Mraugement 
could only l)C v^id as for a particular 
combination of parts, and as the com¬ 
bination of parts is susceptible of so 
many variations a fiatcut would be 
prtwtically useless. The following de¬ 
scription will enable any amateur to 
make them 

Svitoh^Board. — Take a piece of 


mahogany 8 in. by 4 in. by 1 in., plane 
it up and varnish it. On the top, at 
a distance of | in. from the top, fix 
seven terminals, ^ iu. apart. These are 
numbered in Fig. 216,1,2,3, 4,6,6, 7, 
and are for tlie following connections: 
1, 2, :i, are connected together by the 
brass plate as shown; 1 is connected 
to the return line or earth wire; 2 to 
the zinc pole of the battery ; 6 and 4 
to the bell wires ; 5 to the carbon pole 
I of the first cell; 6 to the carbon pole 
of the last coll; and 7 to the line 
i wire. P is a strip of brass with the 
knob K at the lower end ; it is secured 
by two screws at the upper end, and is 
then bent upwanls so as to press 
t^inst the bridge B, which is a strip 
of brass sccunnl by the screws at each 
end, eachof which screws passes through 
a piece of brass tube wMch keeps the 
plate B about iu. from the board. 
The piece P is connected by a wire 
f underneath the Ix^d (all the connec- 
j tious are made underneath), with the 
terminal screw 7. Under the knob K 
is a screw with a flattened head, which 
is connected with terminal screw 6; 
this constitutes the ringing key. H is 
a piece of ^-iii. brass rod with the hook 
at the bottom, aud the round brass 
disc D about | iu. diameter, soldered 
al)out ^ in. from the upper end ; this 
rod works freely up and down through 
the two pieces of angle brass A. S is 
a spiral spring of brass wire which, 
when the telephone is taken off the 
hook, causes this rod to rise, and the 
disc 1) then presses the thin pieces of 
hammer-hardened brass C against the 
upper angle bra^ A. In order to 
! ensure a good contact, this strip of 
brass C is slightly canted at the end 
j so as to give twq rubbing contacts, 
one against the disc D and the other 
I against the upper emgle brass A. When 
j the telephone is on the hook, the disc 
I I) rests on the piece of brass R, which 
I acts as a contact and as a stop. The 
total play allowed to D is about ^ fci.; 
the lower ai^le brass A is connected 
. with the bri^e B ; the piece of brass 
I U u connect^ with tl^ terminal 4 ;, 
I aud tlie thin piece of brass C with the 
I 
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upper hinge. T and T' are brass screws i this to allow the rod H and the ring> 
to wUch the flexible wires of the tele- ing key P to move freely. This case is 
{flione receiver are attached ; T is con- I attached to the hingesmarked, and with 
nected with terminal 5, and T‘ with I a face piece of pine about | in. thick, 
the lower hinge. M is merely a piece \ boxes up the whole of the apparatus, 

leaving only 2 in. of the board 
at the top, and the same at 
the bottom uncovered; a 
small plate of brass is screwed 
to this box opposite to the 
hinges, and one screw into 
the switchboard prevents 
the box from being opened. 

To the centre of this piece 
of pine the microphone trans¬ 
mitter shown in 217 is 
attached. 

This microphone is thus 
constructed: Take a piece of 
pine about^s in. tlu(^, | in. 
wide, and If in. long; re¬ 
move part of one edge so as 
toleavea projection as shown, 
and about ^ in. deep, and 
^ in. square, by wmch it 
is attached to the centre of 
the pine face of the box; put 
a sawcut down through it to 
within about f in. ^m the 
bottom. Take two pieces 
of f in. carbon rod, E, in. 
long, and cut a recess in 
the middle of each half-way 
through, and a little more 
tlian X in. wide; drill a 
small liole in the middle of 
each recess; bend a narrow 
piece of very thin sheet brass 
over the top of each arm or 
leg of the piece of pine; 
solder a wire to each piece 
of brass, and then secure the 
carbons by screws to the piece 
of pine as shown in E. 
Th^ pieces of carbon should 
be parallel, level, and a litUft 
leas than | in. apart; the 
wire from one carbon is 
of ^ogany to which the pieces C and taken to the top hinge, and from the 
B are attached. other to the bottom hinge. Some of 

We now require a square frame of the carbon rods now sold have a coat- 
f uii manogany, 4 in. square in outside ing of gl^, which is almost a non- 
meaaurenlent, ^d 1| in. deep ; aper- conductor. Always remove this with 
turn are cut in thte bottom side of emery-paper. Tins piece of pine with 
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the cewbons attached Ih now 'screwed other end in circuit with the tele- 
to the centre of the pine cover of the phone. 

box, and care must be taken that it I have omitted to mention that out¬ 
does not touch anywhere else, and is side the pine cover to which the micro- 
not touched anything. The micro- phone transmitter is Hxed, I screw 
phone is completed by making two 

small conical pieces of carbon N, r~~~l 

as shown, with a small hole in the ) Q 

centre of each ; a lucifer match or 'y / 

other small piece of liglit wood -J - 

is then filed or sand-papered down ^ ^ 

until it is as small as a knitting- ^ “ v 

needle, and will just go into the — 

holes in the carlxin cones. In N 
one carlwn cone, put a piece of 

this wood about | in. long, and in ^ 

the other carbon cone a piece about ^ 

I in. long, and round the bottom ^ ^ 

of each of tliese pieces of wooil ^ 

put a small ring of lead wire ; they 

are then put in position on the 

carbon ro^, and appear as shown 

in Fig. 217, end view, where E is 

one of the horiaontal pieces of Wj 

carbon rod, and N the carbcni 
cones ; they should oscillate freely. 

Cut these carbon cones from ^ section 

in. rod. 


I do not advise the use of induc¬ 
tion coils with transmitters, and 
the above-described switch-board 
must be altered and made more 
oomplicateil if they are used ; but 
the arrangement is suited for any 
good receiver. In connecting up 
two stations, it will, of course, be 
remembered tliat the battery con¬ 
nections at one station must be 
reversed; that is, the carbon 
wire attaclied where I liave 
directed the zinc wire to be at¬ 
tached, and the zinc wire attached 
where I have directed the carbon. 

For battery power, I fii^d that 
the battery required to ring a 
fairly good ordinary bell works 
tins arrangement well; thus, if 
two Leclanch4 celk ring the ordin¬ 
ary bell nicely, then put one 
Leolanch^ cell at each end of the 
line in circuit with , the telephone; if 
three Leolanch^ cells are required to 
ring the Sell, then put two cells at one ' 
end of the line, and one c^U at the i 
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its four comers a piece of cork U in. 
square and about | in. thidc, wuh a 
S-in. hole punched out of the centre. 
This damps all the sound vibratioiu, 
except where they are alone required, 
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that is, in the centre where the micro* 
phone w attached, and is a great 
improTement. (H. B, T. Strangways). 

Mechanical Telephony. — A 
^)od working string telephone'niay l>e 
made as follows : Make two tin drums 
6 in. diameter and 4 in. deep. They 
should have a heavy wire formed in 
same as ^ gal. cup. The wire should 
not be less than No. 0. Take raw 
hide that has been divested of hair, 
stretch it over the drum while wet, 
and bind it on with a small wire; let 
it retiudn till perfectly dry. A very 
thin hide, such as squirrel, cat, coon, 
is the best. Thick ludc will not work 
well. Now to erect your <lrum, wire, i 
etc. ; having set your posts and put 
up your insulators, which may be 
nude of wire and suspended from arms 
which liave been nailed to the posts, 
bore a hole in the wall where tlie drum 
is to be placed, run the wire through 
your drum and through the raw hide 
in the centre, having a button ready. 
Pass the wire through the eye of the 
button and back through the drum 
imd twist t^htly, letting the button 
go, rating it on the hide. Put up the 
wire at the different insulatore (string 
loop suspenders) till it reaches the 
otlier end of the line; then proceed to 
do as at first. If the wire has been 
properly stretched, and all the work 
has been done as it should have been 
done, you will have a good and cheap 
telephone. No. 18 copper wire for 
line should be used. (‘ American 
Artisan.') 

Coxinecting Bells and Tele- 
phones.—(a) Bell and Telephone.— 
ft is a very easy matter to add tele* 
phones to bell signalling appliances, 
when constructed as here described. 
The only additions necessary are a 
branch or return circuit for the tele* 

C * es, and a switch operated 

whereby the main wire is 
swit^ied ‘from the bell return wire to 
tliS telephone return wire. A very 
idi^le plan for a bell-call and telephone 
line from one room to another can be 
made as follows: Apparatus required 
—^two bells, two telephones, two 3* 


point switches, two strap'keys with 
back and front contacts, and one bat¬ 
tery. Run one wire from the stem of 
the key in room No. 1 to the stem of the 
key in room No. 2. This is the main 
wire. Fix the bell and 3-point switch 
below it in each room. Connect the 
back contact of each key by wire to the 
lever of the 3-point switch, attach one 
of the points of the switch to one of the 
bell terminals, and the other bell ter¬ 
minal to a return wire. The return 
wire will now connect the second bell 
terminal in one room with the second 
bell in the other room. The other 
point of the switch in each room is 
now connected by a wire with one Uud- 
ing-screwof a telephone, and the other 
telephone screw is attach by another 
wire to the bell return. Connecting one 
l>ule of the battery also to the return 
wire, and the other pole to each of the 
front contacts of the keys, the system 
is complete. When at rest, »u;b switch 
is turned on to the bell. To ring the 
boll in the other room, the key is 
pressed. The lottery circuit is then 
from battery, front contact of the 
pressed key, stem of key, main wire, 
stem of distont key, switch, bell, and 
through return wire to the other pole 
of the battery. After bell signals are 
interclianged, the 3-point switches 
are transferred to the t^ephone point, 
and conversation can be mainlined. 
(Lockwood.) , 

(h) ConuectingBelis and Telephones 
by one Wire.—Use a relay, as shown in 
218 at a. The switch h has three, 
knobs, N(». 1, 2, 3. The handles of 
both switches must be turned on No. 1 
when not in use, awaiting «il]s, both on 
No. 2 for telephonic mess^^, and 
either on No. 3 for ringing bdl to call 
attention at the other end. It would 
be better to have the bell single stroke 
(the connections make the d^i^nce), 
and the relay will make it continuous. 
Make the relay of small size, and to fit 
in at the back of the switch. Tlw 
action of the relay is thusWhen 
handle is turned on No. S ri^t-hand 
switch, a current of electricity is aolit 
through wire to the other e^, through 
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No. 1 knob to electro>maj;uet4n relay, 
which draws down the epting until it 
touches the other wire, which sends a 
current through tlte battery, and 



strikes the bell. The other connec¬ 
tions will explain thenuielves. 

(r) Connecting Telepliones and 
Fig. 219, d is a piece of brass 




phone by its weight brings b into con- 
tacfwith c, thereby breaking commu¬ 
nication with the B{)eaking instruiueiit, 
and bii^ug the liell e into readiness 
for receiving a signal. Directly the 
telephone is removed, d spring up, 
making contact at 6 a, so bringing the 
teleplione into connection with the 
line wire /. As shown in the sketch, 
the bell is ready to receive a signal 
from the distant station, but by pil¬ 
ing down the spring ff (similar to the 
key used for the M«>rse telegraph), 
you cut off connection at k, and bring 
your own lottery into action, therel^ 
ringing the liells. The boaM should 
bo suspended against a wall. 

(d) Another plan.—Make connec¬ 
tions like 220 at botli ends: a, 
switch; 6,telej)hone: c.bell; d,batteiy; 

earth (water or gas-pipe will do); 
/, line-wire. The switch is made of a 
piece of umsl with tliree studs at bot¬ 
tom, (s)nnectcd with the wiresasshown. 
A strip of brass is made to slide over 
them so as to make eoutact, and com¬ 
municate with line wire. When not 
in use, the liaudle must be in contact 



shaped like the shafts of a cart (only 
the telephone takes the place of the 
horse), secured to the base-board by a 
short piece of steel sprii^. The tele¬ 


with the centre stud at both ends, to 
c^l attention at the other station. Put 
the switch to No. 3 stud, which will 
ring his bell for a few seconds^ and put 
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your switch back to stud 2. The other 
station now must just do the same to 
let you know that he is tliere, and as 
soon as the bell stops ringing, move 
the switch to stud 1 to connect tele¬ 
phones. The other station must move 
ins switch as soon as he lias rung reply 
to your call. You can now go on with 
your spewing, and as soon as finished 
move 8\\itch to stud 2 at l)oth ends. 

(e) Another plan.—The push in 
221 Is of rather peculiar construction. 


current^ wherefore perhaps it is to be 
preferred. In Fig. 222, a 6 are two 
! switch arrangements, having a movable 
; arm fixed to the top button, capable of 
' sliding over the lower three, and making 
' contact with eitlier. o and d are the 
batteries, c and / the telephones, and 
y and h the bells. In the dia^m, 
the switches are shown in the position 
in wliich they are always l^t after 
using. Then, by turning either of 
them on to the end button, both bells 



A spring a is connected, through a bind¬ 
ing-screw h, with the line-wire c, and 
is fixed so that the free end plays be¬ 
tween two contact-pieces d and e, the 
former of which is connected with the 
telephone /, the latter with one pole 
of the Leclanche cell g. The other 
pole of the battery is connected to the 
return wire, or, in the case of there 
being no return wire, to earth. The 
norz^ position of spring is as show'n 
in section, pressing against d. The 
telephone / is thus in circuit. By 
pressing the stud, the spring is 1:»^)ught 
into contact with c, and the bell h at 
fufther station rings. 

(/) Another plan.—The following 
method of oounecting bells and tele- 
phooes n^th one wire ^ the advantage 
that the tdephones tue thrown out of 
the circuit while the bells are ringing, 
and thus not subjecte<l to the battery 


ring, thus letting the ringers know 
that the circuit is complete. The 
switch is then moved back for the 
answer. Wlien that has been received, 
both switches are moved to the middle 
button, which brings the telephones 
into circuit, and conveieatiou may be 
carried on. It is necessary to remem- 
lier to move the switches back after 
the conversation is finislied. Tliis 
arrangemeiit is used over 300 yd. of 
uninsulated copper wire, which is car¬ 
ried over the roofs of several houses 
and across three streets without any 
insulation whatever, and the gas-{npe is 
used for the return circuit. It employs 
three Leclauch6 cells of 1 pint capa¬ 
city ; two were not powerful enough. 
Tins has been in use for several we^, 
and the weather do^ not seem to have 
had any bad effect on bells cn* tele- 
1 phones, A wrinkle connected with 
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the telephone is, that the etfeiif^th of 
the magnet makes more difference than 
some Q%ht suppose. A |jair which 
were working misembly, wlien taken 
to pieces, and the magnets re-magne¬ 
tised, work splendidly. Iron cores 
do not make any {)ercej>tihle difference 
for ordinary purposes, and | oz. of 
wiro works perhaps ratlier letter than 
J oz., but there is very little difference. 




Tempering and 
Hardening Metals. 

Casehardening.—(a) To case- 
harden iron, procure a quantity of 
old boots or other discarded leather 
goods, bum these until they become 
charred, beat off the black and charred 
portion with a hammer, until suffi¬ 
cient powdered carbon is obtained; 
then place this powder with the 
articles to be operated upon in a 
sheet-iron box or a piece of wroi^ht- 
iron gas-pipe sufficiently large, taking 
cate that the articles are well covered 
and in the centre of the mass ; lute 
the ends or top of the box with clay, 
and place the whole in a fire made of 
coke, keeping them there for an hour 
or more, taking care that the heat 
shall be equal (between dark-red and 
red); now plunge the contents into 
\rater. Should the articles require to 
be blue, such as the barrels or cham¬ 
bers of pistols, repolish them on an 
emery wheel, and put them into a 
sand bath or powdered charcoal, until 
the blue colour is attained, taking 
them out immediately this change 
takes place. The following are mix¬ 
tures that will do insteli^ of the 
burnt leather: 3 parts of prussiate of 
potash to 1 sal-ammoniac ; or 2 parts 
sal-ammoniac, 2 bone-dust, 1 pmssiate 
of potash, ^nes, urine, and ni^ht- 
soil, are also used for this purpose. A 
simple method of caseha^ening iron 
is to sprinkle powdered prussiate of 
potash over it at a red heat and 
plunge into water; bichromate of 
potash, with the pith of rams' horns, 
nmy be used with good results, instead 
of the prussiate. 

(6) Ct^ehardening consists in chang¬ 
ing a thin surface layer of either cast- 
iron or machine-steel to hardened steel, 
l«kving the interior unchanged and as 
tough as it was before the treatment. 
There are several methods for a/cwia- 
pUshing this end, the oomparative 
merits of which will not be entered 
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Into here; the best results are ob- and watw is used instead of plain 
tained hj processes too long and cum- water for the coolii^. 
bersome for the ordinary individual Potassium cyanide is one of the 
to use; but there is a quick and easy most deadly poisons, and care should 
way which, while not penetrating the be observ^ both in keeping and 
metal to as great a depth as might be handling it. It should be kept in a 
wished, is still of sufficient service to tightly corked bottle so that the air 
well repay for the small expenditure will not reach it, and should be 
of time and labour involved; it is so handled as little as possible, and its 
easily done and of such benefit that fumes avoided. Some workers will 
there is little excuse for makero or not use cyanide because of its danger- 
even users of automobiles neglectii^ ous nature, but use yellow prussiate 
to give at least some of the smaller of potash instead ; equally go<^ results 
parts a hard coating that will protect are sometimes claimed from the use 
them from wear so far as may be. of the yellow prussiate, but it is not 
^Its, nuts, pins, wrenches, etc., so generally liked, one reason being 
should be casehardened, both to in- that it does not so readily fuse and 
crease their durability and to preserve flow over the work as cyanide, 
their good appearance. Take, for Different samples of iron behave 

example, the p^rts which are manipu- differently, some requiring more heat 
kted in tightening clutches and brake than others in order to produce the 
bands; the screws and lock-nuts are required degree of harness. The 
sometimes so located that the wrench part should not be heated too much, 
vrill not go on the nuts and screws in or the sur&ce may become pitted or 
good shape, and then, even if the roughened. (‘Horsel^ Age.’) 
wrench fits them, the corners are (c) For casehardening we use prus- 

liable to become so rounded tliat it is siate of potash, pulverised and mixed 
difficult to make the noce^ary adjust- with fine salt, atout equal parts. We 
ments, and at the same time the parts heat the pieces to be Inuriened, apply 
aite given a most unsightly appearance, the potash and immerse while it is 
which offends the mechanicid eye to flowii^. 1 wish to emphasise this, 
no small degree. Any bolt or nut Many smiths hold the piece until the 
which requires occasional tightening potash is burned off. TJiu is a mk- 
Effiould be hardened, even if it is so take. It should be dipped while the 
located that the wrench is easily potash is in a liquid state, as other- 
applied. Journals must be hardened wise the piece will not come out as 
if the best service is to be obtuned ; | hard as it should. If we want a piece 
there is no question but what harden- I very hard we sometimes use cyanide 
ing a bearing makes it run easier, as | of potassium, and heat in an oi^nary 
well as with less wear. , forge fire ; but this method is resorted 

Sometimes a special tool must be to only when there are but a few 
made for some special purpose, and if < pieces to be hardened, 
it is to be used but little it can often We very often have pieces to harden, 
be made of iron, then casehardened such as step, centi^, cupe, and 
and made to uiswer the purpose. tracers, which require to be soft on 
An easy and quick way to case- one end so that they can be riveted 
hutien is as follows : Heat the article after hardening. For this purpose we 
to a dull red 1^ means of a gasolene use Carburizer.” The pieces are 
torch or by any other suitable means, packed in a box made for the purpose 
and then apply a lump of potassium about 5 in. by 8 in. by 1| in. dero. 
cyanide to it, causing the fused A layer of carburizer is put is first; 
obemioil to flow over every part, then then the pieces are placed in the box, 
heat to a cherry red and plunge into with the ends down that are to be 
water, ^metimes a hath of salt' hardened; the mixture it then fiUea 
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ia OTer and around the parts* that are 
to be hardened, the quantity t^iug 
proportioned, as nearly as possible, to 
the depth of liardening required, and 
the parts that are not to be hardene<l 
are covered with slaked lime. 

The box is then placed in an idle 
fi»rge and kept at a good heat for an 
hour or more, according to the size of 
the work. At the end of the heat, 
l)cfore queticliing, the fire is forced so 
Unit the pieces may Ixs liardcnetl on a 
rising beat; they are then dipped. 

If the operation has been |m>perly 
done the pieces will l)e glass-bard 
where covered by the carburizer and 
soft where covered by the lime. 

Sparks from the Anvil.’) 

(d) In the writer’s o^mon, the best 
material to be casehardened for guides, 
links, link lifters, blocks and saddles, 
eccentric rod jaws, and all motion | 
work, is No. 1 fibrous hammered iron. , 
In prejiaring this iron the pile should 
be large enough, the heating perfect i 
and the manipulation under tlie liam* I 
mer sufficiently skilful to pnxluce a I 
refined perfectly welded iron, free 
from longitudinal seams or sheared 
fibres, as freiiuently caused by disre¬ 
garding these essentials. 

We do not think it advisable to use 
granular iron for any purpose where 
casehardening is required. To do so 
would greatly <lccreasc its reliability, 
owing to the shortuera of its initial 
structure; nor would we recommend 
merchant l»r iron, with its rawness, 
lack of density, and containing, as it 
does, too great a percentage of slag, 
all of which a single working or simply 
the forming into sliape will not fi^y 
rectify. 

The penetration of the carbon in 
casebardening depends upon the 
medium used, upon the compactn^ 
of the iron, and the length of time it 
is subjected to the required tempera¬ 
ture, which is about 1550*^ F. Guides 
made of good hammered iron should 
remain in the OEu*bon, after becoming 
red-hot, from 20 to 24 hours. A 
carbon penetration of in., or even 
I id., IS none too deep for them. 
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Lighter articles, such as links, and all 
motion work, will have the proper 
penetration of carbon, in., after 
being held at the right temperature 
for ^m 16 to 16 hours. 

The proper temjwrature for case- 
hardening runs from ir)50° to 1700'', 
and can Ixj easily reci^nised by the 
experienced eye. Any railroad fore¬ 
man smith should be perfectly familar 
with the proper temperature, or low 
shade of red heat, for steel liardeiiiug 
and annealing purposes, w'hich runs 
from 1400° to 1600°. 

As U* the medium for case-harden¬ 
ing, some use cliarcoal, some carbon¬ 
ated bone black, and some use a com¬ 
pound of yellow prussiate of potash, 
soda ash, salt, etc., and all get furly 
good results. It is claimed that old 
leather l>clting, old shoes, etc., meet 
all re(iuirement8 as a case-hardening 
medium, but it would barefoot a whole 
army to furnish enough old shoes to 
case-harden the engine ^motion work 
on one of our many railroads to-day. 

I have used many mixture to coat 
iron with steel, and I wish to acknow¬ 
ledge my indebtedness to Mr. John 
Buckley, of Cliicago, whose statement 
at our meeting in Pittsburgh in 1894, 
as to the results he obtained ^m 
granulated rawbone, prompted me to 
give it a trial, and I am still using it in 
preference to wything else, whether 
on the market or home made. It is 
cheap, always ready for use, easOy 
handled, does excellent work, and all 
the rata in the neighbom'hood would 
grow fat on it if you did not protect it. 

As to furnaces for case-hardening 
purposes, tlrere is no doubt but that 
some are more convenient tlian otbere, 
yet with a furnace of any kind, when 
the same medium is u^, and the 
same uniform temperature and time 
are secured, the results will be equally 
good. 

In the shops which I have chazge 
we use a furnace of the style in uie-i& 
most railway shops: inside dimenrions 
8 ft. by 2 ft 6 ft., built of fire¬ 
brick, incased with old tank {dates, 
and three 8-in. perforated pipM nm- 
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nittg through the bottom lengthwise. 
We use coke as fuel. Our boxes are 
cast-iron 10 in. by 10 in. by 36 in. 
for motion work; for guides, etc.,. 
12 in. by 12 m. by 40 in. to 
70 in. in length. We pack in 
the customary way, alternating layer 
after layer of rawbone and the iron, 
placing a cast lid on the box and 
seiiling with fireclay. We also insert 
two iron test pieces | in. diameter 
through the end of the box, and with¬ 
draw one at five hours, the other at 
six hours after placing the box in the 
furnace. We then know the tempera¬ 
ture of contents of box, and date our 
time limit accordingly. We quench 
in a water-tank 42 in. diameter by 
6 ft. long, let mto the ground level 
with floor line, with an inlet pipe at 
the bottom and an overflow pipe at 
tlie top. (A. W. McCaslin). 

It is possible to harden machine 
steel in such a manner as to produce a 
fine grain; in fact, as fine as that of 
the nicest tool-steel. Cams made of 
low-grade steel and hardened by tliis 
method will resist wear as well as 
thoughmadeof tool-steel and luu^ened, 
and they are not as liable to flake off 
or break. Punch press dies for light, 
easy cutting metals, where there are 
no projections, will do very satisfactuiy 
work. Gauges, whether they be snap, 
plug, and ring or receiving, can be 
liardened with much less habUity of 
going out of shape, are easier to n^e, 
and will wear as long as though made 
of tool-steel. 

Many bicycle parts formerly made 
of the l)eBt steel are now made of 
machine steel, and excellent results 
are obtmned. Such h not apt to be 
the case if they are simply case- 
hardened by the ordinary method, as 
the grain is too coarse to resist the 
peculiar action of the balls, particu¬ 
larly on the cones and ball seats or cups. 
Spindles (A machines, where there 
ia considerable tendency to wear, also 
a pounding or yanking motion to resist 
where hardened tool-steel would be 
liat^ to break and ordimuy case-har¬ 
dening would yield to such an extent 


as to msfke the besuin^ become out of 
round, can be treated very successfully 
by this method. 

All that is needed is a good harden¬ 
ing oven, large enough to receive as 
many hardening boxes or pots as we 
may need, a plentiful supply of pots, 

I some granulated raw bone, a good 
I supply of granulated charcoal, a small 
I amount of hydrocarbouated bone, and 
I some charred leather fur uur ni<^t 
j work. We should have a plentiful 
: supply of water in a large tank, a 
; smaller tank arranged that we can heat 
it to any desired degree, and a bath of 
oil. Raw linseed is the best for giving 
a hud surface. 

Pack the work the same as for ordi¬ 
nary case-hardening, run about the 
I same length of time, afld leave in the 
[ oven to cool, the same as for annealing. 

I When it is cold, a piece can be heat^ 

; in the lead pot, and hardened the same 
I as tool steel, or, if the article are 
I small, and ibereare many of them, they 
; can be repacked in the hardening-pot 
I with granulated charcoal, but not with 
any form of bone or leather or any 
I carbonising substance, as that would 
I have a tendency to open the grain, 
i The object of the second heat is to 
; close the grain. The lower the lar- 
I dening heat the more compact it will 
I be. This method not only gives a close 
I grain, but a very strong, tough surface, 

! and, the centre being soft, the piece is 
j very strong, 

{ When hardening tools whose office 
it is to cut metal, it is always best to 
use for a {Micking mixture equal parts 
of charred leather and charcoal. The 
kernels should be fine, and about the 
same size if possible, to k^p them 
&x)m separating, as if there w'ere much 
difference the finer would sift to the 
bottom. Leather gives a stronger, 
tougher effect than bone, it being prac¬ 
tically free from phosphorus, wliile 
bone contains quite a percentage. The 
presence of phc«phoruB in steel makes 
it brittle. Yet for most purposes, 
whu« there are no cutting bone 
I is a very satisfactory carbonising agent 
to use in connection with machinery 
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steel, and is much chea^r than 
leather. 

When t^ing either bone or leathei', 
mix with an e({ual amount—by measure 
—of granulat^l charcoal, ^ing well 
mixed, the {NirticlcB of charcoal keep 
the kernels of bone or leather from ad* 
lieriug to each other and forming a 
solid mass when heated. 

When hardening small pieces that 
do not need carbonising more than ^ 
in. deep, it is liest to use No. 2 
granulated raw Iwnc; pieces that re¬ 
quire a very deep hardened section 
need a coarser grade, as they must be 
run longer in the fire. 

In casebardening bicycle cones, 
where it is necessary to carbonise quite 
deeply, it is best to })ack with No. 3 
iHineundcharcual, equal parts, or better 
still, with 2 ^rts raw bone, 2 parts 
charcoal,and 1 pfirtlHiuc* black oranimal 
charcoal. Pack in the hardening box, 
as preidously described in article on 
cawdianlening; run in the oven ten 
hours after the liox is heated tlu*ough. 
To determine the time use test wires 
running down fitiin top to liottoin of 
box, as previously <le8cribed. After 
the work is cold, it can be re)ieate<l in 
the lead pot and hardened. Drive a 
wedge into the axle hole of one of the 
cones and split it open to see how deep 
you have penetrated; if not deep 
enough, repack with fr^h material and 
run again. But if directions given are 
closely followed, the results will 
probably be found satisfactory. The 
grain, as hir in as the carbon peue- 
^ted, should be as fine as tliat of 
hardened tool-steel. 

In haixleniug ball-cups or seats made 
of machine-st^, pack in a mixture of 
equal parts of charred leather and 
granulated charcoal, and run six hours 
after the box is located tlirough. 
When cool, heat in the lead |)ot and 
quench in a bath of raw linseed-oil. 
Leather is used because the cups are 
generally quite thin and require tough¬ 
ness as well as extreme haixlness. 

Some articles need the ends hard¬ 
ened, while it is desimble to have the 
centre soft. Take, for instance, the 


piece shown in Fig. 223. The surfaces 
of the ends marked a need hardening, 
while /> should be soft. Pack the ond^ 
inside and out, with hydroc^bonated 
bone and char(X)al, having previously 
filled the centre with expended bone, 
run seven or eight hours after hot. 
Heat the cuds separately in the lead- 
pot, dip ill a Ixith of lukewarm water, 
dipping with the heated end up, as 
st^m would prevent the water from 
entering the end. If water cannot 
enter work it certiviuly cannot harden. 
If this piece is dipped with the heated 
end up, the water readily enters ; the 
ends will lie found to be extremely 
hard and tlie grain very compact. 

When it is necessary to harden the 
centre of a piece and to leave the ends 
soft, it can be readily accomplished, 
provided the ends are smaller than the 
centre. Take, for instance, bicycle 
chain .'•tuds, Fig. 221. Take wire m 
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such lengths as can be put into the 
longest hardening box we have, pack 
with raw bone and oliarcoal, run three 
hours after box is heated through. 
MTien cool put in the screw machine 
and cut the ends to size, When the 
machine work is completed, h^t in a 
tube and dump in water. Having cut 
the stock below the carbonised surface 
on the ends they cannot harden: 
while the centre will be hard, the ends, 
being soft, can be riveted in the chain. 

A very inter^ting experiment can 
be tried, in itself of no practical value, 
except that it familiarises one with the 
action of carbon on steel. Take a piece 
of open-hearth steel, turn in the lathe 
as shown in Fig. 226, neck in every 
inch to a depth of | in., leaving the 
intervening space 1 in. long. Pack the 
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piece with raw bone and cliarcoal, run 
five or six hours after the Iwxis heated 
through. When cool turn shoulders 
mark^ h to size of a, leaving a the 
same as before charging. Heat to a 
good red, and dip in the bath ; a will 
be found to be liard, while the spaces 
between will be soft. 

1 have mentioned timing the heats 
from that period wlien the box was 
heateii through in each instance, 
because in most places it is customary 
to time from the puttiiig of the pots 
into the furnaces—a very uncertain 
way. If the test-wires mentioned in 
previous article are used, an<i time is 
reckoned from the time the work is 
red, we shall get uniform results, as 
the work does not take carbon to 
amount to anything until it is red 
hot. 

1 have also mentioned open-hearth 
steel. This, if used, will give uniform 
results, whereas if Bessemer steel 
is used eveiything is confusion, as it 
runs so un-uniform. (E .R. Mai-kham, 
in the ' American Machinist.') 

iVew Iron Hardening Proem .— 
Phosphorus, as is well known, has the 
property of imparting a certain deg!*ee 
of surface Ijardening to iron, but not 
without producing brittleness. The 
iron is ma^e to assume a coarse struc¬ 
ture, in which the crystals are com¬ 
paratively loosely bound together. 
This effect of pluephorus of loosening . 
the coherence of the molecules of the 
iron greatly facilitates the absorption ' 
of. carbon 1^ the iron. The carbon i 
rapidly penetrates the iron to a con- j 
siderable depth, imparting great tough-' 
ness to the cf)re, and nullifying the I 
<»>mparatively slight defect constituted ; 
by the inconsiderable brittleness of 
the Burf^e. Two Prussian inventors 
apply this principle in their process for 
hknlening iron by heatii^ the same in 
a tempedng-powder consisting of or -1 
ganic nitrogenous substances contain- i 
ing a high percentage of fusible ash 
azM employing phosphorus as the ^ 
medium tor the introduction of carbon | 
into the irom Without prejudicially j 
Ikffeoting the welding properties of the ' 


iron, it imparts such a degree of hard- 
I ness thereto tliat it can neither be cut 
nor chipped by the best steel used. 
In order to harclen the surfjice of alx)ut 
200 kilogrammes (441 lb.) of iron to a 
depth of 1 millimHre (0*0394 in.) by 
means of this process, tlie pieces should 
be imbeddetl in a retort, muffle, or tlie 
like, in bone-dust, to which is mldetl 
a mixture of 300 grains of yellow 
prussiate, 2.50 gr. of cyanide of potas¬ 
sium, Hiul 400 gr. of phosphorus. Tlie 
receptacle is well closed, luted with 
clay, etc., and raised to a clear red or 
I white heat, whereupon the material 
' trejited is immersed in a glowing con- 
' dition in a water or other bath. 

(‘ Scientific American.’) 

I A few PiiinU in Hardening .—It 
sometimes liappeus that a haidener 
I has a long article that must be liardened 
I its entire length. The piece is care- 
j fully heated, dipped in the bath, and 
' worked up and down in the most 
approved manner, yet, when tested, it 
is found to contain soft places, or, 
possibly, the end that entered the 
water first will l»e found hanl, while 
the opposite end will be found soft, or 
not as hard as it should be. 

At other times it is necessary to 
hanien a large twist drill or similar 
article that must be hard, in the 
bottom of the fiut^. When a tap, 
reamer, or any tool whose cutting sur¬ 
faces are at or near the periphery of 
the piece is hardened, very satisfactory 
results are obtained if it is quenched 
in a still bath—that is, one whose con¬ 
tents are not in motion as the cutting* 
edges are exposed to the action of the 
bath—and it is not essential that the 
portions at the bottom of the groove 
be liard. In the case of a twist-drill 
the portion at the bottom of the groove 
becomes the point of the drill as the 
tool is ground, consequently it must 
be hard there. 

If the drill is an inch in diameter or 
over, the more bulky portions consti¬ 
tuting the loads hold so much heat 
that they produce a vapour when in 
contact with the water, which prevents 
the water from getting down Into thQ 
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groove in quantities sufficient4o harden the young hardener is never to over- 
ihat portion. The extreme |>oiut, heat a piece of steel, but if by chance 
beh^ exposed, is hardened, but as the that should happen it can be in a great 
drill is ground, it becomes soft on the measurerestored byreheatingproperly. 
jwint and consequently must be re- Should it be burnt, the mixture ^ven 
hardened. may be tried, though I do not guw- 

In order to accomplish the desired antee it. (E. U. Markham, in the 
result in a satisfactory niauuer, it is ‘ American Machinist. ’) 
necessary to liave a bath so arranged Tempering*, hijlucnct of Tern- 
that water can be forced to the bottom : perotun .—Perhaps the best method 
of the grotjve, thus overcoming the ever di8Covere<l for tempering steel, 
tendency of the vapour to keep the , resulting in hardness, toughness, and 
water away. If the piece to be tiard- : elasticity combined, is that followed 
ened is short, this may often be accom- i in hardening the bl^es of the &mous 
plished with a liath having a jet of I Damascus swords. The furnace in 
water coming up from the lK>ttom; but I which the blades were heated was con- 
if we are deling with a long piece, it structed with a horizontal slit by which 
is advisable to use a bath liaviug several ' acurrentof cold air from the outside 
pipes coming up from the iKittom which i entered. This slit was always placed 
are perforate so tliat the water is on the north side of the furnace, and 
projected against the piece. Very i was provided on the outside with a flat 
satisfactory results are sure to follow funnel-sliaj}ed attachment by which 
the use of this Itath. the wind was concentrated and con- 

An experience of a numlter of years ducted into the slit. The operaUoQ 
has convinced me tliat steel is much of tempering the blades wm only per- 
strouger and will ^ve better results j formed on those days of winter when 
in eveiy way if it is not overheated. I a cold strong north wind prevailed. 
Should it by accident l>ecome over- j The sword-bl^e, when bright red hot, 
heated though not burnt, it can be ; was lifted out of the Are and kept in 
restored, m far as the appearance of front of the slit, and by this means 
the grain is concerned, at least, by was gradually cooled in the draught of 
reheating to the reflning h«it. Steel air. It acquired the proper d^ree of 
always shows by the appearance of the temperat the single operation. BYom 
grain the effects of the last heat it tliis account it may be seen-that gradual 
receives. It should, however, be cooling is to be preferred to sudden 
allowed to remain at this heat long cooling. While water lias been used 
enough to become heated equally in the process of tempering lor a long 
throughout the piece. time, it was only at a comparatively 

Ste^ tools are sometimes made recent date that hot water was used 
stronger and tougher by heating to a in place of cold, having various tem- 
red and plunging in oil, sperm, or lard, peratures for various kinds of steel, 
allowing them to remmn unt^ nearly For instance, for springs, the steel 
cold, and then reheating and hardening must not be made more than red-hot, 
in the ordinaiy manner. This, how- andtemperedin water heated to 150°F* 
ever, should not be tried on articles (65^^ C.). Low spring steel contain- 
w small or thin that they will luinieu ing O'002 to 0*004 of carbon, when 
in the oil, or strains are set up that m^e red-hot and plung^ into boiling 
may cause them to crack when hard- water, has its tenacity and elasticity 
euM. If the above is tried, the increased without its softness being 
heating should be very carefully done altered. The colder the water, the 
in a furnace where the article is re- morecoarsely crystalline is the fracture, 
moved from the air, or tlie surfaces and by using hot water the fracture 
will be decarbonised. becomes more finely granulated in pro- 

The best advice that can be given portion to the temperature. By pt.- 
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penment it has been demonstrated 
that red-hot steel plui^ed into water 
at a temperature of 35® F. {2® C.) will 
be as brittle as glass, but when plunged 
into water at 212® F. (100® C.), it will j 
be annealed and toughened. Water is | 
not essentuil in the process of temper- ; 
ing. The only necessary condition is 
that of temperature, and other bodies 
than v^ter may be used for contri¬ 
buting the right d^ree of heat. There 
are various liquids which can be heiited 
to a higher degree than that named 
without requiring to be kept in a 
close boiler; such liquids are oil, 
melted tallow, wax, pitch, etc. Con- , 
centrated solutions of various salts in 
water make ite boiling-point higher. 
It is substances of this kind which 
constitute the various tempering 
pickles. That the chemical constitu¬ 
ents of the matter have notlting to do 
with its effects, but that it is only a 
question of temperature, is conclusively 
proved by Idie fact that when coolea 
below the freezing-point of water it by 
no means produces a fine granulated 
fracture. Oils and fats do not cool 
off the metal as rapidly as water. The 
boiling-point of water is comparatively 
low, and the latent heat of the steam 
is not very great. Its evaporation 
therefore carries off the heat which is 
in the steel with great rapidity. In 
using oU or melt^ fats it is not 
necessary to heat them very much; 
oil of 100® F. (38® C.) will be equiva¬ 
lent in its effects to boiling water. 
Jewellers and watchmakers do not 
temper their drills in water, as this 
makes them so Ixard as to be quite 
brittle. They use oil instead, or they 
stick tdie hot drill into solid soiling- 
wax, pulling it out quickly and sticking 
it in a fresh place, and repeating the 
operation until the drill is too cold to 
entm*. Mercury, which is a good con¬ 
ductor of heat, has been used to make 
steel very hard; by its conductive 
properties it cooU the steel quickly, 
while its evaporation aids in carrying 
off the heat rapidly. Blacksmith 
and Wheelwright.’) 

)iC(^mr Tati 7Vwg»cnny.—If we 


heat a piece of cast-steel to redness, 
and plunge it into clean water until its 
temperature is reduced to that of the 
water, the result will be that the steel 
will l)c hardened. The degree of the 
hardness will depend upon the quality 
of the steel, the temperature to wliich 
it was heated, and to a small degree 
upon the temperature of the water in 
which it was cooled. In any event 
the operation will be termed hardening. 
If we re-heat the steel, a softening 
I process will accompany the increasing 
i temperature, until upon becoming 
' again red-hot it will assume its normal 
softness, and if allowed to cool in the 
atmosphere the effects of the first 
; hardening will l>e entirely removed. 

I If, however, after the steel is hardened, 

I we polish one of its surfaces and slowly 
! re-heat it, that surface will assume 
I various colours, beginning with a pale 
yellow and ending in a blue with a 
green tinge, each colour appearing 
when the st^l has attained a definite 
d^ree of temperature ; hence by the 
appearance of the colours we are in¬ 
formed of the temperature of the steel 
or, in other words, how far or to what 
extent the re-softening has progressed. 
This fact is taken advant^e of by the 
machinist to obtun in steel any re¬ 
quired degree of hardness less than 
that of the absolute hardness obtained 
by hardening, and is termed temper¬ 
ing. The temperatures at which these 
respective colours will appear are as 
follows:— 

Very pale yellow . 430® F. (221° C.) 
Straw yellow . . 460® F. (238° C.) 

I Brown yellow . . 490® F. (2.')}® C.) 

light purple . . 530° F. (277° C.) 

Dark purple . . 550® F. (288® C.) 

Clear blue . . . 670® F. (299® C.) 

Pale blue . . . 610° F. (321®.C.) 

Blue tinted with 
green.... 630° F. (332® C.) 

To say, then tluit a piece of sted 
has been tempered to a straw colour, 
implies that it was first baitiened and 
then reiieated until tlie straw yellow 
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appeared upon it, the temrarature 
living arrived at 460° F. (238° C.), 
and tiiat the reheating process was 
then discontinued. The presence of 
the straw colour, however, while evi¬ 
dence of temperature to which the 
heating took place, is no indication of 
the actual dt^ree of hardness of the 
steel, because that depends upon the 
d^ree to which the 8te«l was hardened 
before the colour test tempering was 
resorted to. And since the degree of 
the first hardening <lepende<l upon the 
quality of the steel, the degree to 
which it wiis heated, and the temiiera- 
turc of the water in which it was 
cooled, it follows thattlie abovequality, 
heating and temperature must lie uni¬ 
form in all cases if uniform results are 
to reached. The higher the grade 
of steel, the lower the temperature at 
wliich it will harden, and the liarder it 
will be if (y>olcd in water from a given 
temperature ; but any degree of hard¬ 
ness obtaine<l from a temperature 
e(iual to or less than the highest at 
which a colour would appear—that is 
430° F. (221° C.)—will obviously be 
repn^ntable under the colour process 
by a colour, providing, of course, that 
the steel was first thoroughly hardened. 

JJcbrdmintf and' Tempering dejiricd. \ 
It is manifestly desirable to obtain any ; 
re(iuired degree of Itardncss by a single 
process, if possible ; hence by haitiiig 
a known quality of steel to a definite 
temperature, and quenching it in water I 
or other liquid or mixture maintained 
at about an even temperature, the 
colour test is becoming, in some oises, 
dispensed with, the conditions of heat- . 
iug and cooling being varied to give ^ 
any degree of hardness from the ; 
highest attainable down to normal I 
softness. Another and very desirable 
method of liardening and tempering is 
to heat in a flue of some kind main¬ 
tained at the required temperature 
over the fire, and cool either in water 
or a quenchii^ or cooUi^ liquid, and 
then, instead ^ employing ^e colour 
test, to provide a tempering bath com¬ 
posed of some substance that will heat, 
in the open air, to a temperature of 


I about 460° F. (232° C.). Anothw 
{ method of tempering, which, if capable 
I of reduction to uniformity, would be 
I the quickest and hence most desirable 
' of any, is to heat the steel to a definite 
temperature, and cool or quench it in 
a liquid having sufficient greasiness or 
, other quality which acts to retard its 
retraction of the heat from the steel, 
and thus give a temper at one opera¬ 
tion. As an example of this kind of 
tempering it may be mentioned that 
milk-and-water, mixed in proportions 
determined ly experiment upon the 
steel for wliich it was employed, lias 
been found to give an excellent spring 
: temper, ^or is thereany doubt that, 

. carefully conducted, such tempering 
may be of the very b^t quality. A 
great deal, however, in this case 
^ depends upon the judgment of the 
; operator, because very little variation 
in heating the steel or in the propor¬ 
tions of milk to water produces a wide 
variation in the degree of temper. If, 
on trial, the temper is too soft, the 
steel may be made hotter, or there 
may be more water added to the milk. 
If the steel was heated as hot as prac¬ 
ticable without increasing the danger 
of burning it, more water must be 
added ; while if the steel was made 
red-hot without being hot enough to 
cause the formation of clearly percep¬ 
tible scale, the steel may heated 
more. 

Annealing.—(a) There are many 
ways of annealing steel: e.g. heating 
it to redness in the open or hollow fire, 
and then burying it in lime, in sand, 
in cast-iron Irariugs, in dry sawdust, 
and packing in carlxm in on iron 
box and heating the whole to redn^. 
This last process is the most eSectued, 
provided the steel is not heated to 
exc^. A layer of coarsely powdered 
wood cliarcoal is placed at the bottom 
of the box, then a layer of the steel, 
and BO on until the box is nearly full, 
finisldi^ with charcoal. The lid is 
luted with clay or loam; the whole is 
then placed in a furnace or hollow fire. 
and gradually heated to redness, 

! Overh^ting is hurtful. It is seldom 
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necessary to keep up the heat beyond 
the time when the contents of the box 
are uniformly heated, unless the steel 
should contfun particl<^ of hard im¬ 
pure iron, when it would be necessary 
to keep up the heat for several hours. 
When the whole has arrived at the 
proper temperature, the box is with¬ 
drawn from the fire and buried in hot 
or cold ashes to become quite cool, or 
l^t in the fire, and the fire allowed to 
cool down. The steel should be pro¬ 
tected from air until it becomes cool, 
when it is taken out of the l)ux, and 
is ready for the fitting or turning 
room. It is then very soft, and free 
from those liard br^ht spots which 
workmen call “pins." The surface 
of the steel will be as free from oxida¬ 
tion as before it was heated, and the 
greater portion of the charcoal will 
remain uncoiummed, and can be used 
again. This m<^e of annealing pre¬ 
vents the steel from losing its quality ; 
but it al)sorbs a small quantity of 
carbon, wliich is favourable to the 
h^ening process. Animal cliarcoal 
is sometimes used. 

If time will not admit of a piece of 
steel being softened in a box with 
charcoal powder, it may be heated to 
cherry-redness in an open fire, then 
drawn out of the fire, and allowed to 
cool till the redness is not visible by . 
daylight, but can be seen in a dark ! 
pl^, then plunged at tins heat into 
cold water, and allowed to remain in , 
the water until it becomes quite cool. ] 
When taken out of the water, it will 
be more uniform in temper than when 
it left the forge. This is a very expe¬ 
ditious way of annealing; but the 
steel will not be <|uite so soft as if 
it were enclosed in the iron box in con- 
tect with charcoal powder. Steel re¬ 
quired to be annealed in such large 
quantiti^ as to make it inconvenient, 
or the expense of enclosit^ it in boxes 
too great, may be heated in a charcoal 
fire completely enveloped and pro¬ 
tected from the air. After the steel 
is hea^ to the proper temperature, 
the fire and the steel may be covered 
with pieo^ of plate iron, tlie whole 


then covered with cinder ashes, and 
, the fir^allowed to go out of its own 
I accord. It will thus be protected 
! until it is cold. Clwcoal, especitdly 
I when used as fuel in the open fire, is 
I consumed with rapidity, uid therefore 
very expensive. A cinder fire is less 
expensive; it is not so pure as char¬ 
coal, but purer than coal, and affords 
a very moderate heat. When the 
steel is at the proper heat it is taken 
out of the cinder ^ and placed in an 
iron box containing coarsely powdered 
charcoal, which must completely 
envelop the steel; the box is covered 
up and luted with clay or loam, in 
o^er to exclude the air and preserve 
the charcoal for future use. 

Cast-iron may be annealed in a 
similar mMiner. In the state it leaves 
the moulds it is always surrounded 
with a crust or coating, sometimes so 
hard that the best file will make no 
impression upon it, while the interior 
of the casting is soft and manageable. 
This bard criut is generally removed 
either by chipping with the cold chisel, 
or by grinding on a large grinding- 
stone turned by machinery. But 
when the shape the casting is such 
that this crust cannot conveniently be 
so removed, annealing is the most 
economical process, as it makes the 
whole casting soft and much easier to 
work, but not deprive it of its natursd 
character. The heat requires to be 
kept up much longer tlian for steel, 
and the iron needs solid supporte to 
keep it from bending or brt^ing 
heat. Wlien annealed it is more 
uniform in temper, consequently less 
liable to alter its figure by subsequent 
partial exposure to moderate heat. 
The outside is always somewhat bcu^er 
than the inside, unl^ such processes 
be adopted as will extract the carbon 
from the former; but these procMses 
deprive it of its natural character and 
make it in the condition of malleable 
iron, but without the fibre which is 
due to the hammering and roUii^. 
Cast-iron cutlery is enclosed in boxes, 
and cen^uted with some substani^ 
containing oxygen, such as poor iron 
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OTes free from sulphur, scales from the 
smith’s anvil, and various other ab¬ 
sorbents of carbon. The boxes arc 
luted as when annealing steel or case- 
hardening iron : they are afterwards 
placed in suitable furnaces, and the 
cast articles are kept in a state little 
short of fusion for 2 or 3 days, when 
they are found to possess considerable 
malleability, and can be readily bent 
and slightly forged. (£de's ' Manage¬ 
ment of St^l. ’) 

(6) In annealing tool steel in small 
lots in au ordinuy bheksmith’s fire, 
my method is to cut the steel to the 
desired length and heat it evenly and 
thoroughly to a good red heat, but 
not hot enough to scale. The work is 
best done in a hollow or mound fire, 
which is made by packing wet coal on 
the fire until a good mound is formed, 
when an o[iening is made in front, of a 
size large enough to admit the steel 
tliat is to be annealed. Such a fire is 
practically an oven. 

When the coal is well charred the 
steel is put in and heated up slowly 
and thoroughly, care lieing taken that 
it shall not get above a good red. 
Tlie steel is then put in a bed of ground 
wood-charcoal in a Ik)x to cool. My 
annealing box is made of cast-iron, 
4 ft. long, 15 in. wide, and 12 in. deep. 
This is filled al^ut two-thirds full of 
the charcoal dust. If (juite small 
pieces are to be annealed, I heat them 
in an iron pipe 2| in. diameter, plugged 
•at one end, the pieces being pack^ in 
with charc^l and all heated together. 
When thorol^;hly heated, the pipe, 
with its contents, is placed in the 
charcoal dust in the box to cool. 

Small pieces, if placed in cold char¬ 
ed, without the protection of the 
pipe, will come out imperfectly an¬ 
nealed and with more or less hard 
spots. I have used lime to some extent 
for cooling in, but do not like it as well 
as cori-dust, as it does not retain the 
heat as long. Some persons complain 
that cooling in lime puts h{u*d ** pins ” 
and “ streaks ” in steel ; but I do not 
think any ^uble will arise on this 
score if the piece bo large enough to 


heat up the lime. If, however, the 
piece is rather small it is better to 
heat it packed in a pipe, and cool as 
above mentioned. I have had very 
good results from this mode of treat¬ 
ment. 

Miscellaneous Receipts.—The 
following recipes for hardening, soften¬ 
ing, tempering and annealing are 
classified as nearly as possible accord¬ 
ing to the character of the article 
operated upon. 

Outiery, liazors, Sam, etc. —Razors 
and penknives are too frequently 
hardened without the removal of the 
scale arising from the forging. This 
practice, which is ncirer done ivith ihe 
best ivorks, cannot be too much depre¬ 
cated. The blades are heated in a 
coke or cliarcoal fire, and dipped in 
the water obliquely. In tempering 
razors, they are laid on their backs 
U{}on a clean fire, about half a dozen 
together, and they are removed one at 
a time, when the edges, which are as 
yet thids, come down to a pale straw 
colour. Should the backs accident¬ 
ally get heated beyond the straw- 
colour, the blades are cooled in water, 
but not otherwise. Penbladra are 
tempered a dozen or two at a time, on 
a plate of iron or copper, about 12 in. 
long, 3 or 4 in. vride, and about a | of 
an in. thick. The blades are arran^ 
close together on their bocks, and lean 
at an aqgle i^iist each other. As 
they come down to the temper, they 
are peked out with small pliex^ and 
thrown into water, if necessary ; other 
blades are then thrust forw^ from 
the cooler parts of the plate to take 
their place. Axes, adzes, cold chisels, 
and other edge tcwls, in which total 
bulk is considerable compared with the 
part to be luuxlened, are only par¬ 
tially dipped ; they are afterwards let 
down by the heat of the remainder of 
the tool ; and, when the colour indi¬ 
cative of the temper is attained, they 
are entirely quenched. With the view 
of removir^ the loose scales or oxida¬ 
tion acquir^ in the fire, some work¬ 
men rub the object hastily in dry salt 
before plunging them in the water, in 
z 
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order to give them a cleaner and 
Irighter face. 

Oil, or resinous mixtures of oil, 
tallow, wax, and n>sin, are used for 
many thin and elastic objects, such a» 
needles, ^hhooks, st^l-pens and 
springs, which require a milder degree 
of hardness tlian is given by water. 
Gunlock springs are sometimes fried 
in oil for a considerable time over a 
hre, in an iron tray ; the thick parts 
are then sure to be suMcleittly reduced, 
and the thin |»rts du not Itecume the 
more softened from the continuance 
of the blazing heat. 

Saws and springs are generally 
hardened in various compositions of 
oil, suet, wax, etc. The saws are 
heated in long furnaces, and then 
immersed horizontally and edgeways 
into a long trough containing the com¬ 
position. Part of the composition is 
wiped off the saws with a piece of 
leather, when they are removed from 
the trough, and heated one by one, 
until the grease iutlames. This is 
called “ ” The composition 

used by a lai^e saw manufacturer is 
2 lb. suet and | lb. of beeswax, to 
every gallon of whale oil; these are 
-boil^ together and will serve for thin 
works and most kinds of steel. Tlie 
addition of black resin, about 1 lb. 
to each gallon, makes it serve for 
tlncker pieces, and for those it re¬ 
fused to harden before ; but resin 
should be added with judgment, or 
the works will become too hard and 
Inittle. 

OutUr».—(l) If for a cold set, have 
it very stiff; round the comersslightly. 
The principle in temperii^ cutting 
tools for striking on is to avoid the 
*'huil line ” : the temper should die 
away gradually. The system adopted 
with Bucesa is as follows>lst. Always 
heat the tool a long way up. 2nd. 
Never dip in absolutely cold water. 
'3rd. Dip deep, and move the tool 
•IwhUj up and down in the water. 
Half-round tools are most liable to fly; 
^'t it hot ri^t up to Ijead, and if there 
u not heat enough left to draw the 
temper in itself, ^ lump of white*hot 


iron to Hfit the head on, or put head in 
fire. 

(2) Quench in soft cUy instead of 
water; it should be pretty stiff. Some 
things more susceptible to warping 
are done in this way. Plunge in sharp 
‘ and straight. 

j (3) Get cutters just red-hot, and 
throw them into luke-warm water 
edgeways; they must be left in the 
water till all is cold, otherwise they 
will crack. If you cannot umt till the 
water gets cold, gently pour in cold 
water. If any warp, they can be put 
straight with a few blows over some 
hollow place when they are hot. In 
tempering iheiti, do not trouble 
whether the teeth are shai^ or round 
at bottom. Hy the above plan you 
will go over a large quantity in a very' 
short time ; only be sure not to take 
them from the water till all is cold. 

(4) Make the cutter of as low a red 
heat as it will burden at, and quench 
(flatways) in water slightly warmed. 
In forming the teeth, make the bottom 
round, not sharp, as they are more 
liable to crack at those points, 

(5) Take a bucketful of clean water, 
and add 1 gill of vitriol; stir up well, 
and bottle for use. This Vinll last for 
yeara if kept corked up : when using 
it, put your cutter on tlie top of a 
piece of sheet iron, and when properly 
red drop into liquor. This, when 
taken out, will be as hard as flint. 
Blaze, and let down to a purple for 
cast-steel. This has never failed in one “ 
case out of fifty. 

(6) Drive a lump of iron into the 
hole in the centre, and after heating 

I cutter and iron to tbe requisite redness 
for hardening, plunge toth into the 
water. The heat in the iron keeps the 
steel round the hole hot sufficiently 
> long to enable the steel to contract 
1 equally. 

I (7) “CJarbonize“thefirel^hurtling 
a lot of old scraps of leatlmr, ti^e 4 
{ flat plate of iron, urge the bellom 
; slowly to make this plate r^>hot. 
Then lay upon the cutt^, or saws, witik 
another plate over thb to throw the 
heat and oarbon down until you. CMi 
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see it a pale red heat. Thentekeitoff 
aud slip it edgeway iuto alxiut 1 qt. or 
more of oil. Do not use water. After 
being in about i minute take it out . 
and place it^between two piec^ of very 
flat ^rd wood, and squeeze it very ‘ 
tight in a vice ; it will now ready j 
for use. * 

(8) Very gradually heat over a clear 
coke fire to a dull cherry-red, and then 
slide it, as it were, into the water 
quickly at an angle of 10° or 15°. ! 
Use water with tlie chill just taken | 
off. 

(9) Adopt some method of prevent* ; 
ing the water having acce^ to the hole 
and to the central part of the cutter ! 
when <]ueuchmg, A good way would ; 
be to provide a rod of iron, say | to 
i in. diameter, screwed (tapped) for a ■ 
Stance of 2 in. at the end. F^rst, put 
on a nut, then a bn>ad washer, say 
IJ in., or even more, in diameter: i 
next your soft cutter ; then another 
broad wEwher, and, lastly, a nut over 
that. Take plenty of time about 
heating the work, and have a go<Ml lot 
of fire ready blown-up ; that is, avoid 
blowing the fire hot while the work is 
in it; but, on the contrary', have the 
fire already prepared, and let the work 
“soak,” turning it over aud over, till 
it is of an even temperature all over. 
If you prefer it, the piece of screwetl 
rod need only be long enor^h to carry 
tlie work and the two nuts aud washers, 
and you will then liandle the whole 
with the ton^. Dip edgeways, and 
there will be no fear of flying in hard¬ 
ening. An incidental advantage is 
tliat it matlers little if the cutter con¬ 
tracts in hardening, as sometimes is the 
case, for you can correct the hole by J 
scraping o^ filing at your pleasure. 
Always avoid leaving much substance 
towards the middle of your cutters; 
^ to I in. thick in the central web, 
held' iMtween a flat shoulder on one 
side ai^ a well-fitted washer and set- 
Borew on the other, is sufficient for 
cutters up to 3 m. or 4 tu. dmmeter 
fm* milling wrougbt-iron. If you leave 
them thick, they will go to pieces, 
uokn you speedy provide against 


the water i caching them. Use a char¬ 
coal fire if you can get one. 

(10) For cutters 3 in. and upwards 
in diameter, the hardening process is 
a hazardous one, and causes some 
anxiety. In the first place, the lowest 
temperature at which the steel will 
harden should be ascertained. If at 
a blood-red heat, so much the better. 
The cutter, when roughed out to near 
the size before the finishing cut is 
taken ofi*, should be well annealed. 
This precaution is too often neglected 
—whether for laige taps, lathe man¬ 
drels, or cutters, it will be found, after 
the annealing, that a degree of warpage 
has taken pl^, showing that the steel, 
though soft, was nevertheless in a 
state of tension, and this preliminary 
annmiing greatly lessens the tendency 
to crack in the hardening. For a 
cutter of 3 in. in diameter, a laige 
clear fire of cinders should be us^, 
great care being taken to heat the 
work uniformly. The cutter should 
be smeared over with a |)aste of soap 
and leather charcoal. This causes the 
finished cutting edges to come out 
bright and (^uite hard, after the 
quenching, ^fore hardening taps and 
drills, rub a piece of soap over them 
before heating, as no scale is th^ 
formed, and tbey come out clean after 
quenching. For large cutters, etc., 
in order to lessen the risk of cracking 
during the quenching, pour oil over 
the water to the thickness of a card. 

The point of a file, being 
thinner than the middle, u liable to 
become hot sooner, and attain a purple 
colour before the tbickest part shows 
any d^ee of heat; to prevent which 
the heat must be ^plied gradually, 
shifting the file li^kwards and for¬ 
wards in front of (not over, because 
the smoke will colour it) a W^ht fire 
or furnace door, so as to keep the 
thickness. A piece of sheet-iron should 
be hung in front just above the file, 
to keep the glare of the fire from the 
operator’s eyes, and by comparaon 
from time to time with a new file 
(which should be at hand) he will be 
' enabled to judge of the progress of .tiie 
Z 2 
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operfttioD» and regulate the heat until , 
the desired colour is obtaiued^ when l 
the file must be immediately plunged ! 
into water. Pale straw colour is low 
enough for most files, but no file should 
be brought lower than deep straw. 
(2) Cover with oil, and hold over the 
fire until the oil blazes, and as soon as 
the flame runs all over the file, plunge 
it in the water; or put in a moderate 
hot oven for J hour if lai^e tile; but 
if amall, the former is better. (3) A 
mixture of tallow, hog’s lard, and 
arsenic malces an excellent mixture for 
hardening files. The oil becomes 
thicker after being in use a week or 
two, and fresh oil is added each week, 
the thickest being tak&n out for giving 
a bright black to iron or steel. 

Qravere .—Heat in charcoal dust (not 
too hot), and plunge into a box of wet 
yellow soap. This renders the end 
of the graver very hard and very 
to\^h. 

Uammert.—il) Drive piece of iron 
rod in eye to hold head by. Mali e full 
red-hot, lay rod on edge of slack trough, 
harden the largest end, then turn 
HTpa.]] end in water, watch for temper 
in face, then the same to small end. 
When you have both ends right, keep 
turning them round in water until 
middle is about black-hot, then cool 
off. Do not dip deep. The colo r 
will vary with different qualities of 
steel, and can only be determined by 
trial. With ordinary steel, from 
brown to blue will be about the tiring. 
(2) A hammer weighing 1 lb. should 
be allowed 15 seconds to cool down 
before plunging, and then you will 
Inquire nothing but clear water. 
Hwnmers weighing 2 lb., 3 lb., or 4 lb., 
should be allowed 30 seconds. 

High’Speed Ithasbeen my 

privily, said Mr. Edward Ford,C., M. 
and St. P. Ry., to the National R. R. 
M^ter Blacksmith Association re¬ 
cently, to handle several kinds of air- 
hardening steel, and, on the whole, we 
have bben very successful. There are 
two misn whom it is very essential to 
take mto consideration to get good 
tools itbd correct reports of the work 


done by 'thc^e tools, and they are the 
tool-dresser and the machinist who 
uses the tools. The tool-dresser 
should heat the steel thorouglUy, and 
not too fast, to a high lemon heat 
while shaping the tool, and when done 
he should lay it aside for a few 
minutes to cool and to relieve the 
Rtrains, then heat it up to a high heat, 
or until the scales arc seen rising, 
and then place it under a compressed- 
air blast, beii^ sure tlicre is no mois¬ 
ture in the air-pipes ; allow the blast 
to strike the tool at about 1 in. from 
the i)oint. Always liave the blast 
blowing towards the point of the tool, 
and keep the point of the tool free 
from scales with a file, so that the 
cold air will always play right on the 
point of the tool; but where there is 
no compressed air, you wdll find a 
good substitute in the blast pipe. 

LatJie Maiuird. —(1) Have the 
1 water lukewarm, and a little soapsuds 
in it. Bring the umndrel to a cherry- 
red, catch by the end in tongs, and be 
sure to dip slowly and vertically to 
the bottom of the tub. If moved 
sideways, it will camber. (2) The 
risk of cracking steel when hardening 
is much redu<^ by surrounding the 
article, when in the fire, by shr^ of 
leather, bone, etc., or by covering it 
with prussiate of potash as soon as it 
gets to a dull red heat; then it may 
ik heated to the proper temperature 
for hardening. It is a very difficult 
thing to prevent the spindle from being 
bent and distorted. If hardened in 
water, it is almMt sure to ‘‘ warp,” 
and, ^ the mandrel is a laige one, it 
is not easy to harden it in oiL If it is 
of moderate size, heat it as above, with 
leather, etc., and at a good red heat; 
immerse it verticallj^ in a mixture of 
oil and tallow. 

Mill <1) Get the point of 
the bill red-hot, put it on the ground 
to cool, try it with a saw ^e. If 
you cannot cut it, it is Mushet’s steel. 
Tr^t as follows :-»Qet ts^ht 
work out a little at a time. On no 
account hammer when getting cool, or 
they get full of little cracks. Better 
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keep heating as often as i^hey lose j 
their red appearance. The whole i 
secret in worHng this steel lies in not 
hitting it uul^ ml-hot. After you 
have got them to the right shape, 
which should be about ^ in. thick at 
1 in. from the end, get them bright 
red, and put them carefully on tlie I 
ground to cool. This is all the temper¬ 
ing the steel requires. When cold, 
grind to an edge. If common cast- 
steel, you do not want to know any¬ 
thing about secrets or chemicals. All 
you have to do is to work it out at a 
dull red heat, hit it flatways when ! 
cooling as much as you like, but not I 
edgeways ; file or grind to an e<^e, 
gel red-hot | in. from the en<l, dip or 
cool in water with the chill taken oft’, 
grind bright, hold over a piece of red- 
hot iron till of a blue colour. (2) 

§ cup ; saltfietre, | oz.; pulver¬ 
ised alum, 1 teaspoonful ; soft ^^ate^, 

1 gal. Do not heat altove a cherry- 
red, nor draw to temper. (:5) Put 
the body of the tool in the 'tire, 
leaving the two tfiin ends uncovered 
till the middle is icd-liot. A.s soon as 
the middle i.> rcd-liot. fmll luick, and 
let thetliin end just ^et a dull red heat. 
It must now bo liammered etlgoways 
first, and flatways last of nil. It is 
best to hammer it on the Hat part of 
the anvil, as drawing steel on tire eilge 
of the anvil, although a great deal 
quicker, makes it short in the grain, 
and always causes the tool to break in 
the thinnest place. Serve the other 
end the same, only repeat as soon as it 
loses its dull red colour. The lighter 
the blows in working steel, the tougher 
it is. The point should bo quite as i 
thin as a fitter’s chipping chisel, only i 
a little longer, then they will not re¬ 
quire doing up so often. When the 
ends we drawn out, the middle will 
have lost its red heat. The ends can 
now be filed a little. To temper them 
heat them in the fiame of the fire, 
using great care. "When a very dull 
red beat, cool in rain-water, with the 
chill taken off, about {in. from the 
end, and let down to a blue; if it 
shordd be too brittle, a little lower. 


Serve the other end the same. Cool 
all over. Grind the edge rather blunt, 
and for the first few blows hit as 
lightly as possible. A little soapsuds 
or oil could be poured on the water, 
but water is the best. The secret is 
in w'orking it at as low heat as possible, 
only keep on repeating very often, 
and to idt it edgeways as little as 
possible, but flatways as much as you 
like. 

Mill Picks and Chisel Heat 
the bill to a blood-red heat, and then 
hammer it till nearly cold ; again heat 
it to a blood-red, and quench as quick 
as possible in 3 of water, in which 
is dissolved 2 oz. of oil of vitriol, 2 oz. 
of soda, and ^ oz. of saltpetre; or, 2 oz. 
of sal amii)oniac, 2 oz. spirit of nitre, 

1 1 oz. oil of vitriol. The bill to remain 
: in the licjuur until it is cold. 

(&) 1 oz. white arsenic, 1 oz. spirits 
I of salts, 1 oz. sal ammoniac, dissolved 
in 4 gal. of spring water, and kept in 
a tube or iron plual for use. Heat 
the tool to a blood-red heat, then 
quench it in this mixture, draw it 
gently over the clean fire till the spittle 
flanhe-! off it, then let it cool. 

(r) To 3 gal. of water add 3 oz. of 
spirit of nitre, 3 oz. of spirits of harts¬ 
horn, 3 07. of white vitriol, 3 oz. of 
sal ammoniac, 3 oz. of alum, 6 oz. of 
salt, with a double handful of hoof 
parings ; the steel to be heated a dark 
cherry-red. Used to temper chisels 
for cutting French burr stones. 

Mining Picks.—In the first place, a 
good charcoal fire is necessary ; next, 
good steel, and then a good light 
hammer with a smooth face anvil, A 
pick should never!:»“ upset,” or ham¬ 
mered endwise, nor raised above a full ^ 
[ red heat. The steel should be, more- 
■ over, heated as quickly as possible, as 
long exposure to heat—even if the heat 
is not in excess—injures its textures. 
Many blacksmiths find great difficulty 
in tempering picks, because they do not 
choose }Mod steel. After being heated, 
the piw must be worked with care, 
special pains being taken, in drawing 
I it out, to hammer on all sides alike, in 
I one place as much as another, and on 
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one side as much as another. When 
ready for hardening, it should be 
heat^ in the blaze of a charcoal fire 
until red'hot, and then plunged into 
cold rain water, and kept there until 
it is nearly cold ; but if kept too long 
in the water, or until it is quite cold, 
the comers are liable to &11 off. Some 
blacksmiths use salt water; no salts 
of any kind should exist in the water, 
but tlw water should be cold; if the 
water is warm, and a little ice should 
be thrown in to chill it, the tempering 
will be all the better. Pure soft 
water for hardening will make a tougher 
pick, and one less liable to crack at 
the edges, than where salt water is 
used. An old miner who always 
sharpened the pkks at the claim, and 
was quite expert at it, used to hold 
the pick end in the water exactly until 
a certain shade of colour appeared. 
Then he did not consider it properly 
tempered until the point was inserted 
in the ground and allowed to gradually 
cool. The last hammering of a pick 
should always be given on the fiat 
sides, across close to the edges, and 
then up each side about an inch. By 
doing so, the corners will be less liable 
to crack off. 

jSflwtw.—(1) After toothing comes 
hardening, the toothed plates being 
heated to a light cheny-red, and then 
plunged into a bath composed of whale- 
oil, tallow, rosin and beeswax. The 
plates, after hardening, should be as 
brittle as glass. They covered with 

scale, grease and dirt, which is removed 
by scraping and scouring with saw¬ 
dust. They come out buckled, and 
require to be flattened. This is done 
between heated dies brought together 
* hydraulic pressure. The dies are 
circular in form, horizontal in position, 

and about 5 tod ft in diameter, '^ey 
w enclosed in a furnace with an ad- 

J 'ustable blast, and are revolved, to 
Leep the temperature even. The 
per colour for hand-saws is a blue, 
oorresponding to spring temper. 

(il) Dr, Hartmann reoommends the 
addition of about 1 lb. n»in to the 
usual hardening mixture, consisting of 


I 4f qt. train-oil, 2 lb. beef tallow, and 
I lb. beeswax, as renderii^ it suitable 
for hardening some articles that do 
not luuden sufficiently without it, 
although the proper amount of rosin 
can only be determined by experience, 
since excess of it may render the 
article too hard and brittle. After 
use for some months, the fnass loses 
its hardening ]K)wer, and the trough 
must be thoroughly cleaned of it before 
fresh mixture is placed in it. He also 
recommendsanothermass, consisting of 
95 qt. spermaceti oil, 20 lb. melted 
tallow, 4§ qt. neat’s-foot oil, 1 lb. 
pitch, and 3 lb. rosin. The pitch and 
rosin are melted t<^etber, the other 
ingredients added, and the mawfl is 
heated in an iron vessel until ail the 
moisture is expelled, and the heated 
mass ignites from a burning splinter 
held upon it; the flame is thereupon 
immediately extinguished by means of 
a tightly-fltting cover. In employing 
either mixture for saw-blades, these, 
j after being heated in a suitable furnace, 

' are placed vertically in long troughs 
filled with the mixture, with the 
toothed e^e, or that intended for the 
teeth, down, and as soon as they are 
sufficiently cooled, they removed 
and wiped with leather until but a film 
of grease remains upon them, and are 
then placed fiat over a coke fire until 
the coating ignites, by the burning of 
which their brittleness is diminislied, 
and the requisite elasticity imparted. 
If they are to be very hard, but a 
small portion of the coating is allowed 
to bum off; but if softer, it may be 
allowed to bum until it goes out. 

Springa.—{1) Harden right out, 
and then temper by flaring off in oil. 
If they are flat sprii^s, a good way to 
harden them would be to get them red 
I hot, and lay them on a flat iron sur- 
j &ce, covered with water, quickly bring- 
I ing another piece of flat iron (of about 
I 7 lb. in weight) down on top of it. 
This will prevent th.;m warping. If 
I they are curved or bent, this cannot be 
' done. If bent, put them into wat^ 
(or oil, which is bettw than water for 
SQ^ springs) edgewise. To produce 
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a nice Bprii^ temper, place them in a i 
glukUow sheet-iron dish, cover them | 
with lard od (this is important— 
mineral oils will not do), and hold 
them over the gas with a Bunsen flame 
until the whole of the oil has burned 
or flare<l away ; then turn them out, 
and let them cool of themselves. 

(2) First harden right out by 

nuking red-hot, and cooling in water ; I 
then, to temper, have a bright, clear, j 
arched tire, and move the spring to 
and fro in it until it is hot enough to | 
scorch a stick or make sjarks fly off a ' 
stick when rubl)ed along it, care b^ng j 
taken tliat it will do this all along the | 
spriE^, and yet not be hot enough to i 
set fire to the stick ; then let it cool | 
of itself. 1 

(3) Whale-oil ie used for tempering ' 
8})rin^ which are first heated in the ! 
lead bath, then plunged in the oil, and 
blazed oil* in the Are. 

(4) For long springs get a piece of 
1-in. wrought-iron gas-pipe, put your 
rfiriug inwitle, place the pipe in furnace. 
When hot enough get liold of pipe 
with tongs, tip the pipe up over tank 
with oil or other tempering fluid in,, 
and the spring will slip out into tank. 
If you have 2 or 3 pij^s, you will tem¬ 
per over a gross per hour. 

(5) Get a ]nece of spring steel alioiit 
the size of spring wanted ; when forgetl 
and filed to tilt, make it warm-red, ! 
immerse in sjwing water (a little cow- | 
dung improves it, mixed well with j 
the water before using it). Dry the ! 
spring, then tie a jaece of wire fast to ! 
the tpring in any form, so as h) hold 
it. Dip in clean tallow or oil, put it 
on the fire till all the grease is burnt 
off, and swing round and round as 
swift as you can till cold. 

and Dief.—~{\) Rose says taps ' 
should be heated for h^oning in cha^- 
co^ fire, slowly to a cherry-red, and 
then dipped perpendicularly into clean 
water. The water should be made 
Buifidently warm to feel pleasant to 
the hand ; for, if the \mter has not the 
cold chill taken off it, the taps are apt 
to crack along the flutes. The tap 
should be lowered perpendicularly in 


the water, even after it has disappeared 
below the surfiice; but in no case 
should it be moved sideways, or it will 
warp. It should not be taken out of 
the water until quite cold, or it will 
crack after it is taken from the water 
and during the cooling process. After 
the tap is hanlened, it sliuuld be 
Inightened along the flut^ and on the 
plain part, and then lowered m fol¬ 
lows A piece of tube, about half the 
length of the tap, and of about twice 
or three times its diameter, and having 
its thickne^sabout the same, if possible, 
as the diameter of tlie tap, should 
heated in the fire to an even cherry- 
redness, and then taken from the fira 
and placed in such a position that it 
is open to clear daylight, and not 
affected by the rays of Ught from the 
fire. The tap should be held in a pair 
of tongs, whose jaws have been well 
warmed ; and a small piece of metal 
sliould be interposed between the jaws 
j of the tongs and the sides of the square 
! of the wrench-end of the tap, so that 
j the tongs may not obstruct the square 
of the tap from receiving the heat from 
the tulie. Tlie tap and tongs should 
then Ite passed through the heated 
tube, so that the square end of the 
tap and the tongs only will be inside 
the tube. The tap should be slowly 
re\olved while in tliis petition, and 
when the tap has at that end become 
slightly heat^, but not enough to draw 
the cok>ur, the shank and threaded 
part of the tap should be slowly passed 
endways back and forth, and, while 
slowly revolving, through the ^tre 
of the tube, until the colour appears ; 
if it assumes an even hue all over, fwt)- 
I coed until a brown colour appeara, then 
' withdraw the tap fix)m the tube, and 
quench it perpendicularly in warm 
water. If, however, the colour does 
not appear so quickly in any particular 
part, hold that part on the tube a 
little the longest, and if «tlier end 
I lowers too rapidly, cool it ly a slight 
I application of oil. The square end of 
the tap, on which the wrench fits, may 
l)e lowered to a deeper coloui^-as may 
also the shank of the tap-^-than the 
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threaded p«urt, which will leave them i 
stronger and less liable to twist or I 
break. By using the size of the tube ' 
here recommended it will lie found 
that the tempering process will be per- 
formed, and the colours appear very | 
slowly, so that there will be ample ' 
time to judge when the precise re- ' 
quisite d^ee of hardness has been 
reached. This plan is far superior to 
tempering in heate<l sand. Very long 
taps may be greased and heated pre¬ 
paratory to being hardened in molten 
lead—the object lieing to heat the 
outside of the tap evenly all over to a 
red heat, so rapidly tlmt the inside 
metal of the tap is comparatively cool; 
hence, when the tap is hardened the 
outside only is hanlened; and if the 
t ip warps in the hardening, it> can, after 
being temiiered, be straightened—the 
soft metal of the centre of tap prevent- 
ii^ it fnim bre;ikii)g in the straighten¬ 
ing, which should lie performed witbA 
le^en hammer and with the tap rest¬ 
ing upon lead. 

(2) Take the chill off the water, | 

then get them to a cherry-red heat. | 
Plunge the taps in on their ends. : 
After they are cold, clean with a bit of ! 
stone or emery-cloth; then warm . 
them till the spittle Mes on them. 
Put some cleau tallow on, then hold 
them over a clear hre till a light chest- i 
nut brown. ! 

(3) The great difficulty in hardening ' 
tools is prinei{)ally their liability to 
twist or get out of truth; secondly, 
cracking (espticially if lai^) after 
hardening ; thirdly, getting the right 
temper. First, carefully select your 
steel; let it he of the best cast, with a 
medium grain (a fine-grained steel will 
break when much le-ss force is applied , 
than a coarser-grained, and although it > 
will take a keener edge, it will not 
resist the strain requi^ by a tap or 
rimer). Next centre it, and turn off 
the scale and soften. The object of 
softening-after the scale is removed is 
to make the grain of the steel equal 
throughout; if it be softened with the 
Male on, it will generally cast. To 
soften, enclose the article in a piece of 


gas-tubp, filling up with wrought-iron 
turnings, and plugging the ends with 
clay, making the whole red-hot and 
allowing it to cool very slowly—t.c. 
leiiving it in hot ashes all night. This 
meth^ makes the steel very soft, and 
eipializes the grain. After softening, 
turn up the work, taking care not 
to lieud or straighten it, should it have 
cast, as it probalily will in the pnwess 
of softening. The reason fur this is, 
tliat if the steel be benl or hammered, 
the grain will be closer in one place 
tlian another, and heat lias a great 
tendency to bring it liack to its orig¬ 
inal position. The next thing after 
finisliing your tool is to iiardcn it: 
first, slightly heat it over a gas or 
other flame, and rub it all over with a 
mixture of Castile soap and lampblack. 

! This is to prevent the e<lges from beii^ 
burnt. Tlie next is to get a thick 
iron pipe (2 in. diameter and j( in. 
liore). This is well filled up with taps 
^ or rimers and charcoal dust, the ends 
being closed with clay as before ; this 
is place<l in the furnace and occasion¬ 
ally turned, until it is one uniform 
heat of cherry-red, or on the outside 
a trifle hotter. It is then carefully 
removed from the fire, one end of the 
clay is knocked off, and the contents are 
allowed to drop perpendicularly into a 
solution of water, chloride of sodium, 
and nitrate of iron ; tliis solution is 
kept at a temperature of 60® F. (16J® 
C.). The articles hardened should re¬ 
main at least | hour before being re¬ 
moved. Tills method of hardening 
may lie summed up thus: make the 
steel of one grain throughout, prevent 
it htim oxidizing whilst being heated, 
allow every part to heat at the same 
time, avoid bending while hot, and 
lastly, restore if possible by repladi^ 
the loss of carbon caused by beating.' 

TwJ* yctimiUy. —(1) Softwaing. 
(a) Heat your steel to dull redness, 
hold it in some dark or shady nook or 
corner until you can just see the least 
po.Hsible tinge of redness, then cotfl 
immediately in water at the ordinary 
temperature, and you will be able to 
file or turn it with veiy little difficulty. 
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There ^ times when the delay of the 
ordinary process extremely inconve* 
nient—as in the filing of turning tooU 
of a particular shape, re-annealing steel 
wlten the skin is taken off, etc., and 
then this mode answers admirably. 
(/>) Make the steel red-hot, then put it 
in a heap of dry sjkwdust till cold, 
when it will be found to lie quite soft. 
(c)Placca quantity of newly-bunitlime 
in a damp ]ilace, where it will fall in 
the form of fiour ; put it in an iron 
lx»x. Heat the wticlcs to dull red, 
clean off idl scale, put in lime, and 
completely cover with lime ; cover box 
.over with iron lid, and leave until cold. 
The more lime and larger the box the 
lietter. Keep air-tight if piv^siblc. 

(2) After being temjiered, the volume 
of the tool is slightly increased, and 
consequently its specific gravity is 
decreased. As the exjiansion or in¬ 
crease of volume is so verj slight, it is 
quite immaterial which i^ plunged in 
tlie liquid first; however* every moment 
the edge is kept out it is cooling, and 
the tem|)ering may be rendered defec¬ 
tive thereby. Mercury tempers tlie 
hanlest, then water, then salt water, 
then oil of various kinds—as wlialc-oil. 
As oil cools the metal more slowly, it 
is not tempered so hard, but the tena¬ 
city is increased. 

(8) It is said that the engravers and 
watchmakers of (Jennany harden their 
tools in sealing-wax. The tool is hcateil 
to whiteness and plunged into the wax, 
withdrawnafteran instautand plunged 
in again, the process being repeated 
until the steel is too cold to enter the 
wax. The steel is sud to become, 
after this process, almost as hat'd as 
the diamond, and when touched vvith 
a little oil or turpentine, the tools are 
excellent for engraving, and for piercing 
the Itard^t metals. 

(4) Tools deeply dipped, and with 
the temperature let down slowly, jire 
the best tempered. For instance, a 
carpentw’a chisel may be heated in a 
tUM (covered with coke until the wliule 
is at a red heat) until it is at a heat 
slightly more than bIo(^-red; then 
lower vertically down to the bottom 


of a pailful of tepid water; when cold, 
take it out and polish it. Qet a 
bolster, or lu'ge nut, heat it to white¬ 
ness, and tmverae the chisel through 
and back until the surface has an 
orange or gold colour; cool out. Tajis, 
dies, half-circular cutters, etc., so 
tempered, stand wear and tear much 
the best. 

(5) Tlie forging and tempering of 
I iron or steel can be greatly enhanced, 
according to Blass, by dipping the 
metal, in whatever form, in fused salt. 
Thisdi]>])ing in salt is also well adapted 
for annealing steel without the oxi^ 
tion of the surface. If the metal be 
rusted, it must Ije allowed to remain 
some time in the liath. Borax can 
with good effect be mixed with the 
salt. Metal “purified” by such an 
immersion is very susceptible to gal¬ 
vanic dispositions, and can easily be 
coated with copjier, zinc, tin, nickel, 
silver, etc. For iron in the spongy or 
{ powdcre<l state, as obtained the 
reduetioii of the ores, the salt bath is 
esficcially adtqited, for it augments the 
combination of the particles by making 
their surfaces free from impurities. 
To prepare tlie liath for an application 
as here projiosed, the salt must be fused 
in a puddling ^ruace, and the iron 
sponge, with the addition of a flux, be 
added in small quantitie.x, so os not to 
vitrify tlie salt. The iron is left in 
the furnace till the flux has combined 
with all the impurities, and formed a 
slag, whereupon the iron is taken out 
and foiged together. While the iron 
is in tlie furnace, it should be con¬ 
stantly covered with the salt, so that 
oxidatitm be prevented. For the h*u-- 
dening of iron, the salt is fused in a 
convenient vessel and the object im¬ 
mersed, andfnim time to time a small 
quantity of potash ferrocyanide is 
added—1 lb. or 2 lb. per 100 lb. of 
iron. Tlie articles, accordii^ to their 
thickness, are permitted to remain 5 to 
80 min. in this bath, and are then 
plunged in water containing, in 100 
parts, 1 of hydrochloric acid, 6 of wine 
vin^r, and 1 of salt. If the objects 
I are to have a silver lustre, they should 
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be immersed for a few minutes in a practical "man soon fin<k out, and he 
mixture of 3 parts wine vin^r and tempers or draws down the tool accord- 
1 of hydrochloric add. ingly. In Switzerland, razors, pocket* 

(6) Steel punches, or other small knives, etc., made from English cast* 

implements, particularlyengraved dies, steel, are tempered by immersing the 
when, by acddental exposure to too blades at a dark cherry-red into a bath 
great heat, they have b^me spoiled, composed of 4 parts finely powdered 
or, as the blacksmith says, burned, yellow rosin, 2 of fish-oil, to which is 
may be restored by the following mix- ambled, in a very hot state, 1 of melted 
ture : 2 oz. dchromate of potash, 1 oz. I tallow, and allowing them to cool per- 
pure nitre, 1 oz. gum-aloes, 1 oz. gum- I fectly ; after whi(;li they arc heated 
arabic, and 2 oz. rosin. The whole ; without wiping tliem, and hardened in 
having been well powdered and mixed, ; water in the ordinary way. The blades 
the piece of steel is heated to low red- ‘ hardened by tliis process arc found tf> 
ness, and the powder sprinkled over be more uniforuilv tennired than by 
it. It is then heated again to low rod- I any other, making it pos dble produce 
ness, and cooled. This ixiakes the an exceedingly fine cutting edge, 
piece veiy lianl again. The amount of j (8) By melting together about 1 gal. 
nitre may be doubled, and that of tlie spermaceti oil, 2 lb. tallow, and ^ lb. 
rosin taken 10 times greater, to produce . wax, a mixture is obtained very con- 
a higher temper. . venieut for tempering any kind of steel 

(7) In tempering a to<jl for boring articles of small size. Adding 1 lb. , 
cylinders, turning rolls, or any large ' rosin, it is used for t)re temixering of 
pieces of cast-iron, let it be as hard ^ j larger articles. The addition of rosin 
water will make it, taking care not to i must be m;ide with care, for an excess 
heat it more than to cherry-red. In 1 of tliis material rendera the steel too 
the second halting, after the tool is | hard and brittle. After several 
hardened, the first perceptible tint • months’ use the mass loses its energy ; 

is a light 8traw*colour, which makes it must then be wholly renewed, taking 
its appearance when the heat reaches care to thoroughly cleanse the bottom 
430° (221° C.). This gives the of the tub which contained it. An- 

metal a maximum of hardness, with a other mixture, of which practice like- 
certmn amount of elasticity, fitting it wise has proved the efficacy, consists 
for lancets, razora, and surgicxd ins^u- i of 20 gal. spermaceti oil, 20 lb. tallow, 
menta. At 470° F. (213° C.) a full j 10 gal. ox-foot oil, 1 lb. pitch, and 
yellow is produced, which is the temper ; 3 lb. rosin. The pitch and rosin are 
employed for penknives, scalpels, and melted together, then the three other 
fine cutlery. The temperature of t materials are succ^sively adiled, and 
490° F. (254° C.) gives a brownish- the whole is lifted in an iron jxot till 
orange, suitable for shears aud chisels all the water is evaporated. This is 
used for cutting iron. At 510° K. ascertained when the mass takes fire 
(288° C.) the brownish-yellow becomes at the approach of a burning chip of 
flecked with purple, the tint for pocket- wood ; the flame is put out by bernMri* 
knives 520°F.(271°C.)givesablui8h cally shutting the pot with a cover, 
purple, fit for table cutlery ; while the The tempering is effected in both oases 
different shades of blue from 530° to as follows: ^w-blades, for instanoe, 
670°P. (277°-299°C,) indicatea tern- are heated in special ovens, and when 
per proper for watch-springs, sword- they have reached the temperature, 
bladM, saws, and instrumeTits requiring they arc dipped in the mass oontahied 
great elasticity. Beyond this tempera- i in tulM arranged side by side. For a 
tune ihe'metal becomes too soft to lie continuous manufiicture a certain 
usedforcuttinginstruments. Thetem- nuiulier of tubs are used, so as to 
per greatly depentis on the quantity of . allow the mass time for ooeding during 
oarbun that is in the steel. This tl^ ' the prepress of the operation,( As 
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soon as the blade is cooled iiis with¬ 
drawn &om the bath and cleaned with 
a piece of leather, so that there remains 
Htdl on it a thin layer of grease. It 
U then passed over a coke fire till the 
grease catches fire and buma with a 
clear smoke. In this way the blade 
acquires elasticity. If it is desired 
very hard, a part only of the grease 
is allowed to he burnt; the more soft¬ 
ness is desired tlie more the burning 
is completed. For springs, the flame 
is left to burn itself out. If the ob¬ 
jects are of various forms and sizes, 
the burning is reputed on the several 
parts till all are deemed equally tem¬ 
pered. The blad^ arc finished by 
hammering and heating them again on 
a clear coke fire till they return to a 
straw-yellow hue. The coloration is 
then taken away by washing in dilute 
hydrochloric acid, and afterwards in 
plenty of water. 

(9) Some mechanics attach much 
importance to a hardening pickle, hut 
probably failure comes as often by in¬ 
jury in heating the article as by 
haMening and tempering. An evenly- 
distributed heat of the pn)per tem¬ 
perature is ul>solutely re^juisite to suc¬ 
cess, and this it is not always fiossible 
to assure by heating in an open fire. 
One portion of the article is liable to 
be overheated, while another portion 
is underbeated ; ju<lgiDg of the amount 
of heat by colour is not always to be 
trusted ; a dark ccjrner or a cloudy 
day changes the conditions from a 
light shop and a sunny day sufficiently 
to make a great and telling diflerenco 
in the amount of heat judgM by sight. 

A perfectly reliable method of heat¬ 
ing for hardening is by means of the 
le^ hath. It is an easy nmtter to 
keep in the shop a crucible or iron pot 
of lead to be used as occasion demands. 
The article to lie heated fin* hardening 
will not suffer when in the lead bath, 
even if not closely watche<l, as is 
necessary at the open fire; the melted 
. lead cannot pass to a degree of heat 
injurious to the steel. But one con¬ 
dition must be strictly olaerved—the 
load must be pure and clean; it is best 


to buy the mercantile pig for this 
purpose. 

In order to harden well, it is neces¬ 
sary to heat the article through and 
through. If the piece is of unusu^ 
thickness, as a tap or reamer of 3 in. or 
nkore in diameter, it is better to drill 
a hole throi^h it from end to end, so 
that the heatii^ can be even and the 
hardening be equal. A tap of 4 in. 
diameter broke squarely across in ^e 
liardeiiing. It was of solid steel. The 
drilling of an inch hole from end to end 
was practised, and a large number of 
the same size taps were liardened with¬ 
out a failure. (‘Sdent. Amer.’) 

(10) Firstly,' the steel must only be 
heated to dark red, which is the tem¬ 
perature at wliich a film of soot bums 
off. 

Secondly the heated article must be 
carefully protected from oxidation;» 
hence a flame rich in carlion must be 
used, and the immersion be done as 
quickly as possible, so as not to keep 
it long in the air. 

Tliirdly, water usetl for hardening 
must lie free fi-oni alkalies and lime 
carbonate. (Reichcl, ‘ Zeit. f. Instru- 
mentenkunde.’) 

(11) A great many different articles 
require to be hardened. The first will 
doubtless be a cutting-tool of some 
kind. IVdce, for example, a set of tools 
for mctal-tuming— say, gravere, chisels, 
and parting-tools. The tools having 
lieeu filed up and prepared, a clear fire 
at a small forge will he the b^t means 
of heating them. The tools are held by 
the tang in a pair of small fozge-tongs, 
and the blade must be heated sldwly 
until it is at low redness. ()are must 
be taken not to over-heat the steel, or 
its cutting properties will deteriorate, 
and in that case it will be perfectly 
useless as a cutting-tool. When the 
steel is made to the desired heat, it 
must be plunged into cold water, wWch 
will render it perfectly hard, and if it 
were used in this state, the point, or 
cutting-edge, would immediately l»^ 
off. It depends a groat deal upon the 
material twt is to turned w^t heat 
will be the best to make the tool before 
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dipping or plunging it; and another 
plan, used in some cases, is to take the 
extreme chill oS the water. The 
hardening having been finish^ in a 
satisfactoiy way, proceed to temper it 
and make it fit for use. The fece of 
the end so hard^ed must be cleaned 
either with a piece of emery-paper or 
on a grindstone—either will do, as long 
as the part to be temj.)ered is cleaned so 
that the colour can be seen w’hen it 
appears. Having got all the tools tliat 
are to be tempered reaily, make a piece 
of baf-iron alx)ut | in. by in. red-hot, 
and on it place the with the 

hardened end extending Iwyond tlic 
heated surface, and in a shoA time it 
will be easily noticed that the bright 
part gradually changes colour—of 
course, being deeper where it is nearest 
the iron. As soon as the cutting part 
gets to a straw-colour, it must be again 
dipped into water, to prevent its going 
deeper and becoming too soft for its 
purpose. There are also many different 
degr^ to which cutting-tools for 
turning various substances should be 
what is termed “ let down to.” For 
example, a tool that is to be appro¬ 
priate for turning steel, especially if it 
is not well softened, will require to be 
harder than one that is to be used for 
turning brass or gun-metal; therefore, 
if the latter is to be the material 
worked, leave the tool on the hot iron a 
little longer, until it becomes a darker 
straw-colour, or orange tint. Only 
practice will perfect anyone in this 
most useful branch of mechanics. Any 
workman of experience can tell in a 
moment wliat temper will be required 
for the many different purposes the 
various tools are used for. Another 
way, which by men of practice is 
generally adopted, is to heat the tool, 
then dip it into water as far as neces¬ 
sary, and let down the temper with the 
heat left in the other end of the tool. 
The colour being obtained, the whole 
tool is cooked in the water, and the 
neoassi^y ^or heating the iron is dis¬ 
pensed wiHi. Assuming that a quan¬ 
tity of small mticies are made, and 
ready to be hardened and tempered, 


great c%re must be taken not to over¬ 
heat them ; the best way to avoid this 
will be to build a small hollow fire, and 
in tins place an iron box, about 4 or 
5 in. square, and open at the end. 
Make it red-hot, and on the lower side 
jilace the cutters in a row. The fire 
must be kej)t going, or the box will 
cool; they will soon get hot, subjected 
to the heat in the box. This not only 
makes a certainty of not burning the 
ioob, hut enables the operator to have 
a dozen at a time getting hot. When 
the whole Jot arc so haniene<l, the bar 
of hot iron will be again re4|uired. 
While this is getting hot, the of 
all the tools can ItQ cleaned, and then 
pkiced in a row on the hot iron ; and 
as they run down very (juickly, being 
small, it is better to hold in ^e left 
hand a vessel of water, and with the 
right hand push off each tool as it 
a.ssumes the required colour. By this 
means a number of articles may be soon 
effectuallv hardened and tempered. 
There are other means for effecting the 
same purpose. One of these is the 
blowpipe. Have a lai^e piece of char¬ 
coal, in which make a hollow; there 
; place the object to be heated, and blow 
the flame into the recess ; it becomes a 
^ miniature oven, and all the heat of the 
flame is utilised. In making a spiral 
spring hot, prior to plunging, it will, if 
heated in an open fire, twist and bend 
all ways ; the best way to avoid tins is 
; to get a piece of old gas-pipe, as near 
' the size as convenient, and lay the 
I spring in it, and then make the pipe 
j hot. The spring will soon get suffi¬ 
ciently hot, and a regular heat will be 
the result, and it will be more likely to 
j remiuD straight. The next thing will 
I be to plunge it, but not in water. 
There are various opinions as to the 
best liquid to be used for this purpose; 
some prefer oil and water, mixed. 
Another mode is to Imve a vessel con¬ 
taining a body of water, with about 
1 in. of oil on the surface, so that the 
1 heated spring passes throu^ the oU 
I before it reaches the water. I give 
, pref^nce to a simple body of oil, and 
for a long tlung Uke we have i^er 
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coQBideration, a cylinder bificuit^tin will dril must not be simply put into the 
be found as good as anythiiig to hold it. i water and taken out again, but moved 
The spring teing now hardened by the '• about and allowed to remain until cold, 
immersion in the oil, it must of course ■ or nearly so. The traversing mandril 
be tempered, and the best way to effect is made of the very finest steel to be 
tliis is to blase it—that is, after it has obtained, and as it has to be bored 
been placed in the oil, it should l>e through, and is not of sufficient sub* 
taken out and held over the fire until stance to admit of welding, the nose is 
the oil upon it catches light, and in the solid with it. In h^dening one 
according to the degree of tem]>er the of this description, a somewhat diffier- 
spring is required to have, so long ent piHJcess will have to be gone 
must the oil be allowed to flare. If a tlirough. An experienced turner will 
mild action is only wante<l, it may be detect at once, wiicn turning a man* 
allowedtobuniout,andbeimmediately dril, whether it is likely to require to 
dipped into water; experience alone be made to a greater or lesser beat; 
can make any otic proheieut. The pro* for instance, if the steel turns short 
cess of hardening a plain mandril is a and crumbly, so to speak, it will re* 
piece of work with which gr^t care quire less beat than if it will admit of 
should be again taken. Many people a long sliaving being taken, and is, in 
are under the impression that the fact, of a much softer texture. A 
mandril of a first-rate lathe should be traversing mandril will be about 14 in. 
all steel. This is an error, and it is long, and will only require to be 
only from want of knowledge tliat liardeued where the fittings or bear- 
auy one is impressed with this idea, ings take place; that is, about 2 in. 
To make a thoroughly good lathe the from the collar at the front, and 8|in. 
mandril must be composed of iron and at the small end, leaving 1 in. quite 
sled. 1 am speaking now of a plain soft at the extreme end, where the 
lathe; traversing mandrils are made of guides arc to be fitted. The first 
steel, but this is special. Taking, then, thing to do will be to protect the nose 
the plain mandril, the very best fagoted from being made haid ; this can be 
iron must be us^, and round the part done, a.s in the case of the plain man* 
which is to form the bearing a thick dril, with clay. There’ are differences 
ring of shear-steel must be welded, of opinion as to whether the nose 
Cast steel will be of no use for this should have the screw cut upon it 
purpose, as it cannot be welded. The Defore or after it is hardened. One 
n<»e which eventi^ly is to receive the thirtg is sure : that if cut first, it will 
chucks must be of iron. The mandril certaiulyre<iuire correcting afterwards; 
being fitted into its place as it must be, but if it can be kept perfectly sott, it 
it will lie ready for hardening, and the is better to do it when the mandril is 
first thing to do will l>e to protect the hardened. One reason why more care 
nose from getting hot. To effect this, is required with this kind than with 
it must be covered with clay, bound on a plain mandril is that it is longer, 
with thin binding-wire. It was at one and there are two bearings to harden 
time considered necessary for the heat- instead of one, and the nose being of 
ing of a mandril to have a hollow fire, tiie same steel as the mandril itmlf, 
but this idea has gradually died out. A it has more risk of becoming hard, 
mandril is a thing especially liable to Having protected the nose, proceed 
br^ when heated and dipped into with all care to harden. F^t make 
water ; before dipping or plunging the a clean fire, free from clinkere, and 
mandril into the water, make a piece of ‘ beat the end that has the collar on it 
iron hot, and stir the body of water , first; when sufficiently hot, which 
with it. This is, to a certain extent, a will be a deep blood colour, plunge it 
saf^ard; but nothii^ will make into cold water. To keep it as straight 
certain of its not breaking. The man- as possible, the best plan is the follow* 




S50 


Tempbbikb asd Hardening Metals. 


ing: Before dipping, have a pail of 
clean water ready, and when the work 
is hot, lake a stick and twist it round 
about in the pail, and so form a kind 
of diminutive wt^lpool, the mandril 
being pteced in the centre. The action 
of the water, in its circuitous course, 
tends to assist in keeping it in its 
OTiginal form; but take what stops 
you may, it is impossible to rely on 
its being straight after it has been 
through such a course of treatment. 
The one end having turned out well— 
that is to say, h^—and not very 
much distorted, the other part may be 
done in precisely the same way, and 
when thu is finished, it will be con¬ 
soling to find the mandril is still intact, 
as it has often happened that, before 
going BO far, it has broken. But here 
even the anidety does not cease: it 
may be perfectly hard, not scaled nor 
broken, but, when pla<^d between the 
centres of the lathe, it may be so 
crooked that it would be out of all 
chfuacter to try and grind it into 
straight line again. Mandrils of this 
kind were at one time always tem¬ 
pered so that th^ could be turned 
with a diamond point; but since the 
introduction of emeiy-wheels, this is 
avoided, and th^ are left perfectly 
hard, and ground true by means of a 
small emery-wheel running between 
two (Entree driven at great speed. 
But before grinding it true—that is, 
absolutely so—it must be brought as 
near as possibly so other means; and 
it is here that theanxiety comes in. It 
may possibly be found when the spindle 
is placed between the centm, that it 
is bent in two directions ; should this 
be the case, it is not at an easy 
matter to correct it. It must, how¬ 
ever, be done vrith tbe pane of a 
hammer, and the mandril itself placed 
upon a ^t surface, and the blow firom 
the hammer take effect upon the oppo- 
dte side to where the error is ; tl^ is 
where the danger of breakix^ is, be¬ 
cause a swdden (xr uneven jar is likely to 
mdte dm mandril suddenly two pieces. 
Somedzna the steel, various 

. causes, will btar the blow upon the 


same side. The mandril must be held 
firmly in the left hand, and with the 
r^ht band tlie hammer is applied 
gently. l)o not blow the fire fiercely, 
but let the material get gradually hot 
througli, and then, when it is so, do 
not plunge it in the water, and with¬ 
draw directly to see if it is cold ; let 
it remain there till it is so. I have 
freciuently heard a piece of steel crack 
some little time after it has been out 
of the water, but at the same time 
tins may be no fault of the person who 
is hardening it—it is a thing that will, 
and unfortunately dues, occur. Some 
authora direct tlmt the nose of a man¬ 
dril should be left as hard as possible 
This is quite an eiror : let the nose of 
all such work be kept as soft as possi¬ 
ble. In the liardening of small centre 
screws, and for such things as hori¬ 
zontal cutters and the like, many are 
broken from tlie &ct of being made 
hard on the screw part; it will be 
clear tliat if the screw fits at all tight 
upon entering, it leaves the chance of 
the point l>eiug twisted off. To avoid 
this, do not h^en it, and the way to 
prevmit it is to have only sufficient 
water in a fiat-bottomed saucer, and 
when hot place the screw point down- 
waids into it and move it about. Be¬ 
fore the small body of water gets hot, 
remove it quickly into a greater body, 
and cool it. (J. H. Evans, ‘ Eng. 
Mech,’) 

Softening Iron and Steel.— 

Sofi4ning Coit-Irvn .—(«) Heat the 
metal to a bright red, cool quickly in 
water, reheat, and then anneal 1^ 
cooling slowly in ashes. 

(&) Heat the metal to a red heat, let 
it Ue a few minutes until nearly bl^, 
and-then throw it into soapsuds. 

(c) Place the castings, surrounded by 
saw-dust, in an iron Imx, close it up 
with clay to exclude the air, and suIh 
ject it to a red heat for several hours. 
The castings must be cold before they 
are withdrawn. 

(d) Hard iron castings may be sqI- 
tened by the following process, accord¬ 
ing to the DeuUehe SchlotHer ZeUung i 
The ^tire casting is brought to a 
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heat and then slowly cooled while i quent straightening. In the case of 
covered with carbon dust. If the certain Bteek, the natural temperature 
castingH to be softened are small, a of the press is often adequate to en- 
number of them are packed into a cru- | sure the nxiuired condition of hard- 
cible and materials are abided which at i ness. Only when the hollow plates 
red Ijeat give carlK)n to the iron, are warmecl by a lai^e mass of metal 
The crucible is carefully closed, and is being treated is it nec^sary to pass 
gradually heated and kept fora couple water tlirough them. It is sometimes 
of hours in a furii>u:e or an open fire, desir<Kl to have the pieces of metal 
and then also slowly cooled. Suitable i that are to be hardened somewhat 
materials for supplying the carlnin are ; softer in tl»e centre. This is readily 
cast-iron lathe-chips, wxla, or raw i pofsiblc by slight alterations in the 
sugar. If sugai' is used, it should lie l shape of the hollow pressure plates 
added in considerable quantity. i when this process is employed. 

Filvii.—{n) (’over them [ IauH T(inf>eriv<i .—In some experi- 
with oil and bold them over the tire i ments made by the Chatillion-Com-- 
until the oil blazes; as soon a.-* the j meiitiy Steel Company with steel for 
flame runs all over the file, plunge it j gun tulies, projectiles and armour 
into water. j plates, the st^ was heated to a red 

(fc) Put them in a mcKlerately hot | beat and allowed to ctsd gradually in 
oven for half an hour if latge files; but , a lialh of melte<l lead. The els^tic 
if small the first plan is the liest. i limit, breakii^ strength, and elonga« 
Haedicke tdiwrveB llrnt it is well 1 tion were verj'largely increased. Bray- 
known llmt in order to harden steel it | sbaw's f^a]t-i>alh steel hardening fur-, 
is not necessary first to harden the I nacc consists of a furnace which can 
metal and then to reduce its d^^rec of • be heated cithei- by ct^l or producer 
lianluess by teuqiering, but that any ! gas, and a uniform temperature can be 
desired degree of hanlncss can lie pro- i secured. The bath itself is a mixture 
ducedbyliardeningiuvarioussolutions. of jiotassium and sodium chlorides 
The temperature of this solution and fluid at 700"^ C. On immersing a cold 
its degree of conducU\ ity for heat are tool in this mixture a partial solidifica- 
important factors in the matter. The tion of the liath occurs, with the re¬ 
use of the press, too, in tempering, suit that a gradual absorption of the 
especially in the manufacture of saws, heat is secured, 
is of fre<|uet]t oc*currenoe. The saws Feodorossieff's process for hardening 
are hardened in fat, and whilst still steel and iron consists in the employ- 
warm, or after plai iug between warm ment of glycerine. The sp^ific 
plates, tempered under pressure. gravity of the solution of glycerine 

On a combination of these two may Ije varied between 1*08 and 1*^ 
processes depends the so-called direct at 16^ C. by adding water as requir^. 
press hardening. The apparatus used Its temperature may also be varied 
consists of a press provided with two between 15° C. and 200° C. according 
hollow metal pieces, which, according to the hardness of the metal, it being 
to requirements, may either be'kept found advisable to employe high tern- 
cold by water run into them, or may perature for hard steels. To increase 
be heated by steam or oil. The tern* the quenching power of the hath, 
perature can be read off on thermo- various salts may be added to the 
meters. The steel sheet to lie bar- glycerine solution, manganese or po- 
dened is transferred direct from the tassium sulphate being added when a 
furnace to the press, and placed there hard temper is required, and mai^ 
between these tvro hollow slabs, sub* nese chloride or potassium chloride for 
•equently leaving the press with any a softer tempo*. Owing to the wide 
desired d^ree of haMness, and in per- limit of variation of the temperat^ 
loot shape, not requiring any subse- of the solution and the^^ quench^ 
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power, it is possible to treat very differ¬ 
ent qualities of steel by this method. 

Copper.— IIurdcningandTmujhen' 
inff .—Everittof Birmingham uses 1 to 
6 per cent, manganese o^de (the l>est 
is the natural black oxide) and mixes 
this with the cup])er in a crucible. 
As soon as tlie mass is melted, the 
oxide is thoroughly stirred in, and the 
resulting scum carefully removed ; it 
is then ht to cast. In the preparation of 
brass the same takes pLv^, and then 
the zinc is added. Although chiefly 
used for brass plating, it is well adapted 
for other platings in which copper 
forms a chief ingredient. The copper 
is rendered more homogeneous, harder 
and tougher ; it can be rolled at a red 
heat, thus saving a great deal of time 
and labour. It has shown itself best 
suited fur steam-pipes, axle-boxes, 
ship-plates, etc. Iron Age.’) 

Trials made at the Mansfield Co])per 
Works have proved that an addition of 
0*45 per cent, of manganese-copper is 
sufficient to toughen copper, which 
only retains O’OOfi to 0*022 per cent., 
while the greater portion, after having 
taken away the absorbed oxygen, is 
c«Tied off in the refinery slag. 
ganese-copper has also a beneficial in¬ 
fluence upon the toughness and density 
of thin copper castings, such as thin 
sheets, tubes, kettles, cauldrons, and 
other kitchen utensils, wliich formerly 
were beaten or pressed into shape; 
copper cast with an addition of the 
al]6y shows itself extremely tenacious, 
and tubes of 1 \ in. diameter and only 
0*07 in. thickness will stand a pressure 
of over 1100 lb. per sq. in., when 
water b^ins to lie pressed through the 
pores of the metal. It appears that 
'• cast copper,” which can ^ brought 
in any required shape without the 
necessity of soldering, beating, ham¬ 
mering, pressing or drawing, will in 
future play a considerable part in the 
arts and manufactures. 




Tile-Laying. 

Tile-Laying for Hearths. ~ 

Whenever it is proposed to lay a tiled 
heiu'th in front of a grate, it is usual 
tf) have the tiles cotne level with the 
wood floor. The unusual exception to 
! this is when a stone or cement heartli 
I already exists and it is intended to fix a 
j new grate, and a permanent stone or 
I majolica fender kerb. In such a case, 

I the hearth tiles are sometimes laid on 
i top of the old stone licartli, to saAc 
j cutting it up, but only when the 
fender kerb is goii^ to be fixed per- 
manently and immovable is this ar- 
j rangement permissible. When the 
; tiles are laid level with the floor, tlie 
{ hearth space, cut out of the floor 
I boards, is always provided with a wooil 
, “border,” as is shown in Fig. 226, 
tliis generally lietng of oak about 2 in. 
wide and g in. to ^ in. tliick, and rebated 
in the floor boatxls. The Uirder comes 
along the front and at eacli side of the 
hearth space. 

The reason for referring to this is 
tliat the border, if already fixed, con¬ 
trols the arrangement of the tiles ; 
while if not alr^y fixed, it is desirable 
to carefully measure up the tiles and 
liave the joiner make the border to fit. 
It will be seen how troublesome it is 
to have the tiles an incli larger or 
smaller tlian the space within the 
border. Quite apart from the work of 
cutting and fitting, there remms the 
fact that cut tiles never look so well 
as whole ones. Neither is it safe to 
say that a space 4 ft. wide will take 16 
6-in. tiles correctly. Different makes 
of hearth-tiles vary a little in size, and 
even one maker’s tilee may be found 
to (Uffer if the hearth is made up of 
two colours. A difference as great as 
^ in. may be found in S-in. tiles, but 
so little as in. will make | in. in 
a hearth 4 ft. wide. Nothing looks 
worse tiian having to fill in i in. or a 
wider space at each end of a Wrtli of 
tiles, or, as some do, maketMck ioints 
1 between the tiles. On the other 
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tileB bay run over their oominal width, 
thereby necessitating cutting. When* ' 
ever it is possible the tiles should fit as ' 
accurately and be arranged as uniformly 
as the sketch, F^. 226, shows, and in 
tlie majority of cases this is quite 
possible if care is used. On no ac¬ 
count should a workman commence i 
laying the tiles from one end of the 
hearth, resolving to make a fit at the 
other end mneliow. Measurements 
should always lie first taken, the tiles 
lieing correctly laid out on the floor. 
It is so often possible to get a nice fit 
by using “ slips "(narrow tiles), which 
is far better tlian cutting, or, on the 


be fllle i in with a wood strip, unless 
the m-vr^n is wide enough for a narrow 
“8lip"tileof thesame colour. Should 
the tiles be a little too vride, then the 
oubide tiles at each end must be cut. 

In cutting hearth-tiles the ch^l u 
the recognised tool, and this may be the 
best thii^ to use when only a narrow 
strip lias to be removed. In using a 
chisel, cut througli the glazed surface 
of the tile first, then cut tlie unghvzed 
back. If more than a ^-in. piece has 
to be taken off the tile, or if a tile has 
to be cut to an awkward shape, then 
the plan that ensure the least break¬ 
ages is to nip pieces off with a pair 



other hand, making up with cement. > of 7-in. or 8-in. carpenter’s pincers. 
Workmen who, on measuriiig up, have { About }-in. pieces may be nipped o|P 
found that an extra inch is ne^ed in at the time. No more time is ocou* 
the tiles and have got this by making pied this way tlian when using a 
thick cement joints between the tiles, ch^l, and a straight line can be 
cumot be too greatly condemned, ^orkeri-to quite as well. Tiles, after 
The appearance of thick cement joints j being reduced by either chisel or 
is p^cularly objectionable. [ pincers, can have their edges rubbed 

It is always possible to get a correct i true and smooth on a piece of stone 
relationship between the wood border | with some sharp sand and water, 
and the tiles when tbe work is in a There is a difference of opiniem as to 
newly built room, or rooms, in which ! whether a hearth should be laid before 
the cu*penter can work to the tile- > or after the grate is fixed. If the 
layer’s measurements; but in houses : grate is already fixed, the hearth is 
already built the wooden borders laid to the grate, but when hearth and 
already surroundii^ the existing grate are new t(^thert the writer 
hearths must be worked to. In such ^vours the laying of t^ hearth fint. 
cam, if the tiles leave more than an The ohief reason for this is that the 
gap each end, the space should ! grate is given a firm and level bed to 
4 ^ 2 a 
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stand upon, and, most importantly, 
there is no cutting of tiles to fit the 
irr^larities of ttie grate along its 
front where any rough work must be 
the most conspicuous. If the grate is 
fixed first it is usually packed up on 
some pieces of wood or slate in the 
front to admit of tiles Iteing slipped 
under as well as possible, but it 
is a most unhandy job, particularly 
rememberiug tliat tlie laying of the 
tiles proceeds from the front towards 
the b^k. Then as the tiles are laid 
the packing lias to lie removed, with 
the possibility of the grate dropping 
a little. With this plan, too, there 
is not such a certainty of getting the 
ash-pan or economiser to fit as perfectly 
as it should do. Should the hearth 
be laid first, it will afford a firm and 
level base for the grate, and all that is 
necessary for the protection of tlie 
hearth during the grate-fixing is first 
a cloth, then some boards laid over. 

Assuming that there is a suitable 
concrete b^ or base, the first operation 
is to float on the cement on which the 
tiles are to come. This bed must be 
quite level and of even surface, or the 
kying of the tiles will be more or less 


makes it set more slowly and gives 
better time for the correct execution 
of the work. 

Some little time before the tiles are 
wanted for laying tlxey should Iw put 
to soak in water, for if any attempt is 
mode to do without this, tlie work 
will be a failure by the tiles l)ecoming 
loose. In laying tliem on the prepared 
cement bed, wl^e it is moist, it is only 
necessary to liave a little fluid cement 
on their undersides. Mix up some 
neat cement, on a board, to a cream, 
then as each tile is taken from the 
water rub its underside in tlxe fluid 
cement, then place it in position on 
the cement bed. Ko cement is needed 
on the edges or sides of the tiles ; they 
should come quite close t<^ther. 
Let the centre front tiles l)e laid flmt, 
careful measurement being taken to 
ensure the first tiles coming centrally. 
As already stated, if any cutting is to 
be done, let it 1^ the end tiles, not 
centre ones. 

As soon as the tiles are in position 
on the cement bed, a flat block of wood, 
with its extreme edges slightly rounded, 
is used for levelling and beating them 
down. This piece of wood is laid on 
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like bad work. The cement is gauged 
1 6f cement and 1 of sand, and when 
first roughly laid on, it should not be 
too wet, but just moist enough to 
be spread out fairly level with a trowel. 
The “ rule " is then used, this being a 
piece of wood like F^. 227, cut away 
on the uudeimde at the ends to a 
little greater depth than the thickness 
of the tile. The length of this rule is 
BU(^ that the notch^ ends rest on the 
wooden border of the hearth at each 
side. Some tile-layers use neat cement 
tor the bed, in which case, if the 
cement is quiob^tting, it is customaiy 
to “1^” it, tms bemg done by dia* 
turl^ its initial set before it is hard, 
ai^ renuxifig it with water. Thu 


the tiles and beaten lightly, being 
moved a little at almost every blow so 
as to ensure eacli tile being beaten 
evenly. A straight-edge can be used 
to test this. One effect of the beating 
will be to bring any superfluous water 
to the surfoce, and this can be wiped off, 
and if any joints look hollow, a little 
dry cement can be dusted on, and 
worked in, this being taken up by any 
moisture there may be in the jmnts. 

The final thing to do is to clean off 
the surface of tlw tiles, and clean out 
the joints. This latter detul needs 
attention, as the top edges of the tiles , 
are slightly bevelled and any cement ’ 
settlii^ there makes what appears to 
be quite a thick fiqfoze tbn 
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Retting IB quite hard, the hearth must 
be looked over for cracked, defective or 
small tiles. These can be lifted out 
with a thin knife blade, and replaced 
with oth^. 

There is now a considerable demand 
for glazed earthenware fender-kerbs 
(majolica kerbs, as they are called) and 
as many of these have to be (^mented 
in position, they require consideration. 
One important point is that no wood 
border is possible to use a “ rule ” on. 
There are kerl» of this kind that are 
sent out made up in one piece, and are 
placed down and used like a metal 
kerb, in which case the hearth is laid 
as already explmned. If, however, 


tion for the kerb, its hzing is done 
before the hearth is laid. It should be 
squared from the mantel jambs, and 
be bedded in compo. The joints can 
be made in plaster, and sliould a white 
joint be objectionable, a little colour¬ 
ing matter can be mixed with the 
jointing material. 

In laying the hearth it is necessary 
to firat lay two pieces of wood, or 
screeds, on the lower bed, these screeds 
being levelled to the required height 
and level of the cement tile bed. The 
cement is then laid and levelled by a 
straight-edge or rule running on the 
two screeds, as Fig. 228 shows. When 
this is done, the screeds can be lifted 



the kerb is in several pieces, and is 
cemented in place, tlien the first thing 
to note is tliat it cannot be fixed on 
the wood floor, as its fixing could not 
remain sound long under these con¬ 
ditions. If the building is an old one 
and a cement hearth and its wooden 
border already exist, the question 
arises how the kerb can be fixed 
without placing it on woodwork, to 
which it will not adhere. It cannot 
be placed inside the existing wood 
border, as tliis would probably make i 
the heurth too small, and if the wood : 
border is taken up and the space 
enlarged, the trimmer and other joiste 
are exposed. In consequence of thus 
it may be considered that the kerb in 
one piece, just referred to, should be 
used, unless either the old hearth is 
large enough (as it sometimes is) to 
take the kerb within its area, or the 
bed of the existing hearth can be en¬ 
larged. 

Assuming there is a proper founda- 


out, and their spaces filled in with 
cement. The tiles are then laid as 
already explained. 

Layiwj Tilei on Perpendicvla/r Sur- 
! faces arowtd Orates .—For tiling the 
surfaces lu’ound the openings in which 
l»8ket grates are fixed, or on the 
I splays each side of grate interioni,'* a 
' different process is employed. In this 
i work, the groundwork is either pl^ 

I Inickwork (which should be plumb and 
true) or hackwork roughly cemented 
over, the surface being purposely 
roughened to fonn a key f<a‘ the cement 
bed of the tiles. The eement tile-bed, 
instead of being spread evenly over the 
foundation to receive the tiles, as with 
hearthwork, is plastered on the back of 
each tile before it is put up in potion. 
The groundwork is well moistened 
before the tiles are put on it. Judg¬ 
ment is required in gauging the amoxmt 
of cement qjiaterial to {mt on the back 
of each tile. If too much is put on, 
part of it will be forced under the 
2 Aa 
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already Uid, and this will lift them 
out of truth. Any attempt to tap these 
back will cause others to lift and loosen. 
The cement generally used is Parian or 
kUled Portland. The tiles must be 
well soaked pluvious to use, in fact 
they are usually taken direct from tub 
or bucket the tiler as required. The 
groundwork must be kept nicely moist 
as the work proceeds, and if the mate 
brings tha tiles, he should only serve a 
few at tne time, or they will become 
too dry. 

The customary way of going to work 
is to take a tile in the left ^nd and 
wi^ the trowel spread some cement 
over the back surface, leaving a cavity 
in the centre and bevelling all the 
cement clear from the edge of the tile. 
Before placing the tile up all the j 
edges must be quite dean, as the tiles 
should come close t<^tW with no 
cement between them. The tile is 
then put up and pressed on to the 
Inickwork with the hand. It is next 
tapped lightly, a few times, with the 
hamdle of the trowel, and this should 
give the tile a firm hold. As described 
with hearths, careful measurements 
should first be taken, that unnecessary 
cutting, or cut edges, or thick joints 
in conspicuous pla^, may be avoids. 

in tiling up the splay sides of grates 
it is advisable to run the trowel down 
between the tiles and the iron-work of 
the grate (while the work Is soft), or to 
get a crevice there by some means, ' 
otherwise the expansion of the iron¬ 
work, when heated, may loosen or even 
push some of the tiles off. It is one 
of the difficulties of tiling around 
grates to make allowance foriron-work 
expanding and contracting. It is on 
this account that slabbed panels are so 
much used. These are next described, 

fiaabbing Tile Panels.—What 
is known as slabbii^ tiles to form 
panels, is work that should now be 
practised in ^1 ironmor^ers’ and 
stove merchants’ workshops. A large 
^ ^numbet", almost the majority, of grates 
' used in good houses are novsof a design 
called isteiionr '*—a design that will 
' probably be common^for many years— 


these cofisisting of the fire-box portion 
of a gmte, leaving the aide splays to ^ 
be made up with tile-work, ^me- 
times the tiles are cemented up at the 
time of fixing the grate, but there exists 
a large demand for panels formed of 
riles on a cement hack—slabbed panels 
as they are called—os beii^ easier to 
fix, and answering the purpose best. 

In show-rooms devoted to fire-grates, 
there is always a number of such panels 
exhibited, it beii^ recognised that 
whoever buys an “interior” grate, 
must require tiles for the side splays. 

Hitherto the making of slabbed 
panels lias been done almost wholly 
by the tile makers, tins practice neces¬ 
sarily increasing the cost very greatly. 
There is the tile-makers' profit, carriage 
to the tradesman's wm-eliouse, packi];^, 
breakage in transit, and the handlii^ 
of packages. Practically tdl tlus is 
savt^ when the panels are made by the 
tradesman—-perha[» more, for it is a 
stock job that is given to workmen in 
slack times. 

In thu work it is best to use small 
tiles. The 6 in. by 6 in. tile is not 
favoured unless it is used as a centre 
tile of special design. The 3 in. by 
3 in. tile and the 6 in. by 1 in. (and 
smaller) slip are the best, and It is now 
the rule to use tiles specially made for 
the work, these having keyed backs. 

It is not impossible to use pbin backed 
tiles, but those with keyed lacks are 
to be preferred, especially if the goods 
are to travel, or be subject to vibration. 

The slabbing of tile panels has been 
considered a secret art and Mrtainly 
the method of doing the work is not 
common knowledge. The chief secret 
detail lies in the cement used. Ordi¬ 
nary cements, Portland, etc., are not 
Buitoble, but most lai^e buil^rs' mer¬ 
chants keep a suitable cement. The 
writer uses what is called granite 
plaster, a quality known as l^k-X 
(with sand), a specialty of J. Ex^wleB 
and Co. (a firm having about twenty, 
depots in London). This mate^, ’ 
with sand, ccrats 3s. per 160 lb. 

The way to^ to work is to first fit 
i up a firm bench or table, large enough 
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to tc^e % pair of pcmels or as much 
larger as may be desired. Cover the | 
top of this with a slab of slate, fixed ; 
level. A piece of billianl table slate i 
will do, or any firm of slate-workers ! 
will cut a slab to the required size. \ 
The panels are formed in a framework ' 
of wood. If certain fixed sizes of ! 
panels will be wanted, then suitable | 
wooden frames can be made; but for I 
irregular sized work, the e(^e of the ‘ 
bench must made, so that slips of 
wood (battens) can l)e secured to it to 
form the frames for any size of panel 
proposed. Having seen the table top 
is clean, and arranged the frames to 
the size of the intended panels, the 
next thing is to arrange the til^ face 
downwards inside the frames. Need¬ 
less to say, the tiles are well soaked in 
water first, as is necessary whenever 
tiles are to have cement adhere to 
them. Tile tiles sliould be taken 
straight out of tlie water and laid on 
the slate, and tlie cement should fol¬ 
low before the tiles liecoiue at all dry. 
Great care must lie used in arranging 
the tiles, if a pattern is being worked 
to, OB once the tiles are laid down they 
will not 1)6 seen again until the slab is 
set and hard and beyond alteration. 
In laying the tiles, let them come close 
togetlicr, as no cement need come 
between the edges; in fact a cement 
joint visible from the front (when the 
panel is finished) is not evidence of best 
work. Tlie tile-makers cause a deal 
of trouble in this respect, for a 3-in. tile 
may beanythii^ from 2’ in. to in.; 
even the same maker, supplying a second 
lot of the same colour, may not send 
tiles that will quite match in size (nor ! 
in tint). Needier to say, all joint | 
lines must be true, as nothing catehes j 
the e^e quicker when the puiel is fixed ! 
and it»pected. It would be thought; 
from this that a table with a thick glass 1 
top would be desirable, the face of the | 
panel thus being visible for inspection 
as tile work pn^ressed. ‘ In practice, 
however, the man who does the work 
soon gets over these possibledifficulties. 

Havii^ arranged the tiles, &ce down¬ 
wards, iu the frame, and seen that the 


hacks are moist, a UtUe thin cement is 
laid in, this ^ing worked into all 
crevices and the keyed spaces. Follow¬ 
ing this layer, while moist, comes a 
more substantial backing of the cement, 
making the slab to about luilf its 
finished thickn^. On to this layer 
two irons are laid and pressed sightly 
in, after which the final amount of 
cement is added. The irons (which 
should be prepared ready) are strips of 
hooping, about g in. wide by A in. 
thick, nearly as long as the panel, and 
bent slightly circular. They are not 
circular on ^ge, but circular as they 
lie flat, forming a long ) (. Th^ 
form a bond, and are very helpful in 
stiffening the whole. The slabs should 
not be removed from the framrain less 
tliau two days, after which they should 
stand in a moderately warm place for 
another day or two to harden. ■ When 
hard the faces are cleaned, and all 
cement (if any) carefully scraped out 
from the fronts of the joints between 
the tiles. No cement jointing material 
should be visible. Occasionally ordi¬ 
nary plaster is added to tlte specud 
cement to liasteu the setting, but this 
should not be done unless the maker 
of the cement says it is admissible. 

Tiling FIoor8.~(a) To ensure a 
sound job, first prepare a foundation of 
concrete at least 4 in, thick; this must 
have three days to set before the tiles 
are laid, and must not be otherwise 
disturbed. Portland cement and sand 
should be used to lay the tiles. Cover 
the tiles with boards as soon as laul, 
and walk over them as little as possible 
for three (kys. 

(d) The groundwork must be made 
quite level by means of screeds, with 
Portland cement and sand, thrM and 
one, upon a bed of concrete. No vibra- ^ 
tion must be in any way permitted. 
Where the til^ are to lie, nave a pail 
of water and soak a number of tiles in 
this water for about a quarter at an 
liour. The Portland cement and sand 
bed must be quite set before commen- 
citig to lay the tiles. Have a person 
to serve you, and have a good mat under 
your knees.' The man serving must 
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make up some Portland cement, almost ‘ oil, buti this is not so successful as 


a liquid. Lay this evenly across the ; 
hall about the thickn^ of a penny 
coin, about 12 in. or 18 in. in the 
width,andbeginlayingthetiles. When 
the 18 in. of work is done, pat the 
tilesgently down witha plasterer’s float, ! 
so as to get them all evenly laid, and, i 
before proceeding to lay another 18 in., ! 
make a thin grout of Portland cement! 
and pour it on to the laid tiles, so tliat 
it will run into all the joints, and when 
nearly set clean off with a clean rag. 
Now proceed further along the liall in 
the same way until finished. Have 
proper straight-edges to work with, and 
do not lean upon the tiles without a 
board under your iiand. If it is a ' 
pattern with a border you desire to lay. 
have an assistant who is accustomed 
to this work. 

(c) Let the tiles soak in a tub or pail | 
of water until thorougldy saturate; i 
screed the bed for laying them, one part 1 
Portland cement to three of good clean- { 
washed fine roa^l-grit, or even pit sand. | 
Lay the tiles, after draining off super- | 
fluous vrater on the bed, which should | 
not be very soft. Lightly them t 
level with a flat piece of wood and 
hammer. Now with a piece of flannel 
draw off by lightly licking over the 
beaten surface all water, cement, and 
grit that works through the joints. 
This is esseutial to a clean job. L(»ve 
until hard—say, following day—when 
grout upall joints with ‘^neat” cement, 
and when nearly set, scrape off and 
polish up with sawdust. 

{d) For floor tiles use killed cement, 
which is Portland cement mixed up 
and flowed to set, care being taken i 
not to let it set too hard. Then knock \ 
it up a^n so as to kill it. This will i 
m^e it fat. Mix up sand and some I 
fresh cement, and add some fat stuff | 
to it, so as to make it work tough, and 
smooth well; soak tiles well, and let 
drain off. Tliere should not be more 
tluto \ in. bed under tiles. 

ViziCLg Tiles on Wood. ~ 
Attempt^ have been made to do this, 
using a cement of white-lead, or putty 
. reduced to a sticky paste wtto linseed- 


screwing the tiles on. The latter takes 
a little longer to do, but it is more 
lasting work and in event of injury it 
is so easy to remove a broken tUe and 
replace it with a sound one. When 
lax^ quantities of tiles are required, 
makers will pFC|)are them with the 
extreme corners levelled off, without 
extra cliargc, but failing this the 
comers can be nipped off with carpen¬ 
ter’s pincers. Tins is a better, quicker 
and safer way of removing the comers 
than using a chisel. The ol)ject in 
removing the comers is to make a place 
for the screw to pass through to the 
wood. 

Having prepared the tiles, they are 
put up one by one, the screw having a 
waslier come beneath its head as Fig. 
229. It is possible to got polished 
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Fra. 229. 


brass, or nickel-plated iron, screws and 
washers for this work, the washers 
being pan or saucer-siiaped, as Fig. 230 



Fio. 230. 


shows. A wooden rebated bead should 
come at the outside edges, or at angles, 
of the tile work. 

Mosaic Floor-Laying.—It may 

be stated at tile outset that the dosign- 
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ing of m(»aic patterns is artistic work 
of a high order. The actual Mesigners 
arc, in fact, artists in every sense, and 
are employed as such. Their work is 
wholly done on pa-iter, the laying of 
the pieces of mai'ble or prewired tes¬ 
sera; l)eii»g work they have no know¬ 
ledge of, except lliat which is necessary 
to guide them in the preparation of 
designs. On tliis account it is the ex¬ 
ception rathei* limn the rule to see the 
des^u fonued'by tlie workman in the 
execution of his work, for if we bike a 
quite onliiiary good border design, as 
Vig. 231, It will be seen that for a 



workman t<» lay tliis direct on a cement 
IhmI, each little piece one by one, and 
yet keep the design uniformly re¬ 
peated, is a task that would be Ijeyond 
many, and the cost would be excessive. 
It is sometimes done by means of tem¬ 
plates in filling small areas, but for 
extensive work the plan of fii-st ar¬ 
ranging the tessera.' on gunimetl sheets 
of i»per proves the most expeditious. 
Even with this, however, considerable 
practice is needed for good work. Any 
firm doing tile laying on a large scale 
will acknowledge that their men who 
are clever at laying oitlinary tiles are 
not necessarily good at mosaic, in fact 
it app^rs to be more a rule that a 
good tile-layer is an indifferent mosaic 
hand and vice versa. 

Tbpe are two recognised kinds of 
m{»aic work for floors, one being that 
which is composed of small cubes of 


marble, the other having the marble 
replaced burnt clay or tile ware. 
The latter, termed “Ceraraicmcaaic,” 
is composed of small cubes of the same 
material as floor tiles, and as a rulo 
the cubes are smaller than those 
ma<le of marble. 

Marble mosaic may be made up of 
many coloured marbles, from reds 
tlmough various rich sluMles of brown, 
orai^e, yellow, greens, blue-grey, black 
and wliite. The pieces, which are 
irregular cubes, average J in. to i in. 
stjuare, some l)eing a little smaller, 
wliiie pieces as large as j| in. are used. 
Much de|)endK on the area and quality 
of the work, but, be it noted, mixed 
sizes are not used on the one job. 
The pieces of marble are sawn or cut 
to size, the waste and debris of marble 
works and quarries being put to good 
use in this way. 

The first thing to be done towards 
laying a mosaic floor is to well ram 
the earth, and if a quantity of broken 
brick rubbish can l>e rammed in it is 
l»est. On the top of this comes 4 in. 
t>f concrete, then a floated face of 
Portland cement and sand, carefully 
screeded level, as already explained 
under Hearth and Floor Tiling. The 
cement used, in which the tesserae (the 
pieces of marble) are bedded, is usi^ly 
more of the nature of a plasterer’s 
putty or flue mortar. Take a suitable 
quantity of chalk lime, and slake it 
with water, and then leave it in the 
open air a few days. Sift this and 
mix with it a good proportion of finely 
crushed brick and moisten with water. 
Let the mixture be well beaten and 
worked, and a good mellowed mortar 
will result. If the cubes are to be 
placed into position, a piece at the 
time, by hand, some of the mortar is 
first spread down, and then the cubes 
are tapped into this with a light 
hammer. When all are in, the surmce 
is beaten by a block of wood struck 
with a hammer, or the surface can be 
rolled with a fairly heavy roller. 
When the whole has set hard the next 
process is tliat of rubHng the surface 
smooth and polishing it. 
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Before describing the polishing, re¬ 
ference must be n^e to the method 
of laying the cubes in large numbers 
at the time by preriously affixing 
'them to sheets of paper. This is a 
plan that is specially desirable when a 
design has to be repeated a great 
number of times, and in all cases it 
^jonomkes labour. TI»e first thing to I 
be done—in the office—is to sketch ! 
out the design in full size, on paper, { 
and, in the case of repeating designs, i 
then have a sufficient number of exact ' 
copies (on jmper) made. Having a i 
tray re^y at hand, with cul^es of 
different coloured marbles in divisions, | 
the man (it is work commonly done ■ 
by girls at tile works) commences ^ 
covering the design with suitable 
cubes, all being plac^ face downwards 
and gummed in position on the paper. 
The design on the pa[>er is ^ways 
drawn the opposite liand to what is 
to appear on tlie laid jw the 

arranging of the cubes on the pa]>er 
necessitates their l>eing put face 
downwards, the whole being reversed, 
i.e. turned over, when it is laid on the 
floor. 

The person who arranges the cubes 
on the paper has to be provided with 
an iron block and a tool known as a 
scabbling hammer. This is a hammer 
with* a short handle and a long head, 
which is bevelled to a long but blunt 
chisel-ed^ each end. This is used to 
cut or chip the cubes on the iron 
block, to suit irr^palarities in the 
design. The pieces of paper, before 
the cubes are put on it, are cut to 
about 3 ft. square or any less dimen¬ 
sion, in fact the 3 ft. size is rather large 
for handling. The operator, with the ' 
papdr design in front of him or her, ^ 
puts a layer of gum on a small portion, 
arnuiges the cubes on this, then gums 
a fur^er space, and so on until the 
sheet is covered. 

These prepared sheets of cubes are 
sent to the workman on the job—the 
mosaic layer. He should have a sketch 
d«ftgn of ihe whole floor, and each 
sheet of cubes should be numltered to 
correspond wi»A a iiumljered space on 


the sketch of the floor. Having pre¬ 
pared t^ie floor with its top layer of 
mortar already described, the sheets 
are lud on it, paper side upwuds, and 
carefully beaten down and levelled. 
They are then allowed to set firmly, 
say two to four days, according to the 
weather, and then the pajwr is soaked 
ahd cleaned off. The polishing is the 
next process. 

•The polishing of mosaic takes ])lace 
as soon as the cubes are set, as just 
stated, but it is work that is also (lone 
at later jjeriods, when the floor luu 
Ijecome dirty and worn. In the latter 
case plenty of hot wKla water must )jc 
used to remove any grease there may 
be, and to, as far as possible, get the 
dirt out. The polishing is done by 
rubbing a heavy piece of York stone 
over the work, the stone being provided 
with a handle, as Fig. 232. The size 



of the stone is al)Out 9 in. by 9 in. by 
4^ in. thick, and it should be of rather 
coarse grit,;with open grain, wliichirill 
not clog rapidly. By means of tiie 
handle, which is connected to the stone 
by two rings, as shown, the stone is 
pushed to and fro over the mosaic 
surface, sand and water being freely 
applied all the time. As soon as the 
surface is smooth and liright, it is Widl 
washed to remove aU dirt and slud^. 
after whicli the polishing is fltiulM 
with pumice powder, the stone beii^ 
wrapperl in blanket material for this 
process. Any small comers or awfc: 
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ward plac^ must bo poliehad with a weight for this work, say 8 in. by 8 in. 
smaller hand stone. by 3^ in. thick. 

Another method of preparing the When designs are to be introduced 
tessera cubes for laying is as follows : in m<»aic concrete, wooden templates 
The design having been selected, a fuH- are used. It will be readily under- 
sized drawing is made and laid on a stood lliat if a piece, or pieces, of fiat 
perfectly level surface. Tlie tessera wood, of the thickness of the mosaic 
are then placed face downwards on this {concrete, aud of suitable design, be 
drawing, an<l, when the whole or a j placed in ponition on the floor, the 
convenient portion has liecD completed, concrete l)eiug laid will come round 
semi-liouid cement is poured over the them, so that when they are afterwards 
linck to a depth of IJ m. to 2 in., and | lifted, they leave a space of the required 
allowed to set and l»ecomo ihtwoughly ^ design to !« filled in by concrete of 
liard. The slab tlius ftirrncHl is another colour. It is possible to in- 
then upturned and the face of tlie troducc i|uite intricate designs by this 
design shown. Alsmt 1 sujwr. yard ! means ^\•itho^t any difiiculty, and by 
is the average size of those slabs, | the expenditure of comparatively little 
Slid tliey are fixed in the siiiue way as 
tiles. 

Mosaic Concrete Floors.— This 
is moBJiic work in w^far that it consists 
of small pieces of marble eml.»e<lded in 
cement: but the work is done ditlcr- 
ently, aud the result, although very 
giXKi, docs not resemble onlinary m<*- 
saic work. It is choa|)er, and involves 
less lalsmr; at the same time it admits 
of an ornamenUl design being made 
along the Iwrders, or elsewhere. It is 
a good floor for landings and corrid<»rs, 
also for the halls aiitl coveretl aj)- 
proaches of business places and insti¬ 
tutions. The material is a concrete 
consisting of 2 parts of very snuill 
marble chifw (.j'^ in. to j'',, in. or J in.) 

U) 1 part of cement, this lieing laid 
a fine cement concrete, and floated over 
tliat the flat sides of the chips lay 
evenly at top. The first thing to 
done is to lay a nmgh hmiidation in 
ordinary eoncteto to within ^ in. oi 
the finished surface;, and scraed rules 
are laid along )K)th sides of the piece. 

The centre is the first jjart laid, and 
the surface is levelled from screed to 
screed with straight-edges and hand- 
floats. If the marble clups do not 
show up sufficiently, any defective or 
vacant parts rmy be filled up by hand. 

When the pavement lias become quite 
hard, it is polished with a stone 
polisher and marble dust and. water. 

The stone polUherk already illustrated, 
but it may be of smaller size and 
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TnOONO AND Retinninq. 

(See also 

ElBCTBO-PLATINO, COLOUBINa 
Metals, etc.) 

To avdd a confusion that commonly 
occurs it may first be explained that, 
in this work, hydrochloric acid uid 
muriatic acid (u*e one and the same 
thing. Aquafortis is the commercial 
or cheap form of nitric acid. Chloride 
of zinc (also called kille^l spirits) is the 
hydrochloric acid or muriatic acid which 
h^ had rinc chips or cuttings dissolved 
in it until it will dissolve no more. 
Sal-ammoniac (chloride of ammonium) 
is a dull white crystalline substance 
like soda, and is us^ as a flux in tin¬ 
ning ; it can be sprinkled on and 
melts when heated. 

Copper. —If sheet copper is to be 
tinned on one side only, let the side 
which is not to be tinned, and which 
will come next to the fire, be brushed 
over with salt and water and whiting. 
With a pad, which lias been sprinkl^ 
with killed spirits, rub over the side that 
is to be tinned, also sprinkle it with a 
little powdered sal-ammoniac; now put 
the sheet over the fire, and when it is 
hot enough rub on it a piece of strip 
tin ^ure tin) until a little of the tin 
melts. Take a pad of tow or wadding 
(cotton wool), sprinkle a little sal- 
ammonme on it and rub the molten tin 
quickly over the entire surface that is 
to be tinned. Finally, with another 
pad of wadding which is saturated with 
oil, rub off all the superfluous molten 
tin and leave the whole smooth. 

For tinning both sides of an article 
the forgoing process is not suitable, 
and a bath of molten tin must be pro¬ 
vided. Make an iron bath of semi- 
mrcular section, and build this over a 
fire-box and melt the tin in the bath. 
Fre|)are the copper article with killed 
spint and etd-ammoniac as described ; 
(^p orpaas it through the molten tin 
(blowing the article to get as hot as the 
tin), then immediately it is withdrawn 
wipe the superfluous tin off all surfaces 


with a of oily wadding. The article 
should now be put into cold water, then 
taken out and polished with flannel and 
a thin paste of emery-flour and oil. 
Finally clean off' witli cloth. 

Another metliod of getting a bright 
even surface is tbit iMlo])tcd in makii^ 
tin plate. The pLite when it comra 
from the molten tin lias the suiierflu- 
ous tin wijied (or rolled) oft’, then it is 
immersed in a liath of oil which is a 
little hotter tlian molten tin, which 
causes the tin to run again and spread 
very smoothly over the surface. 

In tinning awkward-shapetl articles, 
when they have to lie tinned on one 
side only, some ingenuity is necessary. 
When it is require<l to tin the inside 
of a kettle s|>out, after the seam lias 
been brazed, it is first necessary to re¬ 
move tlie borax tliat has Iteen used in 
brazing. This is done by pickling the 
spout in a weak solution of sulphuric 
acid until the borax is dissolved, then 
the HiK>ut is rinsed in cold waW and 
drie<l. The inner surface is then pre¬ 
pared in the usual way—some killed 
spirit being first poured tluxiugb, then 
a little powdered sal-ammoniac being 
shaken in. Have some tin melted in 
a ladle, and holding the 8|K)ut by a p^ 
of tongs, over a suitable vessel, pour 
the molten tin through it two or three 
times. Another method is to coat the 
outeide of the BiM)ut with a mixture 
of whiting, salt and water, which, 
when dry, will allow of the sjjout being 
dipped in a bath of molten tin without 
any adhering to the outside. 

In tinning an awkward-shaped article 
like a scroll or piece of hammered work, 
this must be (Hpped in molten tin and 
the surplus tin be drained out of it os 
well as possible, usii^ a pad (dusted 
over with sal-ammoniac) wherever pos¬ 
sible. 

As a rule the first process in tinning 
is to chemically cletm the surface. In 
the preceding description it is taken 
for granted that the surfaces are ready 
to receive the tin, but this is not al¬ 
ways tlie case. Dilute sulphuric add 
is used to remove impurities, after 
which the goods are well wadMd 
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plain water and well Bcoured ta remove 
the blackness caused by the add. 

Copper Ctdinaiy Vesaels.— 
Copper cookie^ vessels have to be re* i 
tinned at r^^i^ periods and is a pro- i 
iitablc branch of business, when a con* ' 
nection is obtained, as it is work that 
must lie done r^ularly. It is not 
considered that any harmful r^ults 
would be experienced from eating food ' 
cooked in phutacopper vessels, but un¬ 
less they werckept8cruj)ulou8ly clean, 
and vinegar very sparingly used, verdi¬ 
gris will appear, with serious effect. 
Urease is not the common cause of 
verdigris forming. Vin^ar is the ac¬ 
tive cause of tliis poisonous compound 
ap})caring. Verdigris is in fact a com¬ 
pound of acetic acid (vinegm*) and j 
copper, formed by submitting copper J 
to the fumes of vinegar, and known i 
chemically as acetate of coppier. By > 
coating the coppier with tin the action ! 
is p^reveuted, and, so long as the tin 
suHace remains intact, it is safe to pre- 
pvare food in a copper vessel. It is 
the r^lar cleaning and h^uent 
scouring of the veMel which, by 
wearing away the tin, makes retinning ' 
nccc88m7. 

It is of the greatest importance that 
the article to be re-tiuned be perfectly 
free from grease or dirt—it must lie 
chemically clean. To get it in this 
condition, hrst bum off ril grease and 
dirt over the forge fire until the article 
is heated to a dull red colour, being par¬ 
ticular where the liandles are riveted 


it with a mixture of salt and 
wluting, which should be of the con¬ 
sistency of cream ; this prevente any 
tin adhering to the outside. Should 
the top) of the outside require to be 
tinned to the depth of about 1 in., as 
is the case with all new stewpans, it 
should be thoroughly cleaned as before 
explained. A stnp of tin or sheet iron 
1 in. deep should rightly held round 
the top of the stewpmn, while the mix¬ 
ture of salt and wliitiug is rubbed over 
the stewpan below the band, liemove 
; the l)aud, and dust the bright surface 
I of the stewpan, formerly covered with 
I the tin l)ai)d, witli sal-ammoniac. 

1 A rubber, by which the molten rin 
is worked over the copj)er surface, 
is made as follows. T^e a piece of 
wire al)out } in. thick and make a 2 in. 
coil oil the end of it. Tin the coil by 
soaking it in raw spirit of salts for 
some rime, and then dipping it in a 
saturated solution of sal-ammoniac and 
killed spirit, and rubbing whilst hot 
on block tin or tinman’s solder. Hold 
tlic stewpmn over a forge fire, and hi 
it drop) a small quantity of pure blo(^ 
tin; the amount of rin depends on the 
size of the vessel. The tin will soon 
melt, after which it must be rubbed 
over the copper with the rubber until 
the surface of the coppier alloys with 
the tin. Any difficulty in getting this 
result may be overcome by rep<»tedly 
and alternately dusting with powder^ 
sal-ammoniac and vigorously rub^ng 
over the tin with the rubber. The 


on. Wipe out the inside with a small 
paul of tow, and set down to cool, and 
when cold, thoroughly scour with wet 
rough sand or pwwdered coke until it 
becomes clean and bright. If the dirt! 
has eaten into the metal, or if the sur-, 
face is very black, wash it with raw > 
spirit of salts (hydrochloric acid), • 
using a piece of tow tied to the end of 
a short stick. Binse in cold water, 
and then scour bright When quite 
bright, wash the article well witli cold 
water, taking care that no grit or sand 
remains inside, and then dust the ■ 
inside with powdered sal-amniuniae. | 
The'outslde must be prepared by coat- < 


outside top) edge of tlie pan may be 
more easily tinned with a soldering 
iron, the solution of sal-ammoniac and 
clilorideof zinc being used instead of the 
powdered sal-ammoniac. Some care 
should })e taken that the article is not 
allowed to get too hot. The h^hest heat 
is when the molten rin can be rinsed 
round the inside of the article. The 
molten tin is then quickly emptied out 
into another p^an, if more tiian one is 
to bo tinned, and the pan quickly wip^ 
out with a pad of clean tow, wMcb 
win remove any superfiuous tin, after 
which it must be suddenly plunged 
into a vessel of cold clean water, and 
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then dried by rubbing with clean hot 
sawdust. 

When about to pour molten tin 
from one {laa into another, great care 
should be taken in seeing that the pan 
into which it is to be poured is per¬ 
fectly dry and warm, otherwise the 
possibility of the tin flying will make 
the operation highly <langerous. 

If a pan, spoon, or strainer requires 
to be tinned all over inside and out, 
it should be 'thoroi^hly cleaned, and 
the inside and outside should then l)e 
treated with saturated solution of sal- 
ammoniac and killed spirit of salts, 
and then dusted over with powdered 
sal-ammoniac. A vessel cont^ning 
molten tin should now be in readiness, 
into which the article should be care¬ 
fully p]unge<l and washed. The article 
is then wipe<l with tow, plunged in 
cold cl^n water, dried with hot saw¬ 
dust, and polished with whiting. 

Old Copper Pans.—When all 
the repairing is complete, the bruises 
are taken out, and the bottoms of the 
stew-pans and sauce[}an8 are laid flat or 
made level, the preparation for retin¬ 
ning properly begins. Commence with 
the application of a coat of hydro¬ 
chloric acid to eat off «>r remove the 
dirt and the fwtions of the old or 
previous tinning. When the vessels 
have stood a sufficient time, they are 
thoroughly 8co\ired in8i<le with go(Kl 
sharp sand, with the aildition of some 
common salt, and then washed clean, 
care being taken that all the old tin is 
off when burnt, and that nothii^ greasy 
gets inside. Then while the vessel is 
yet damp a coat of finely |>owdered sal- 
ammoniac is sprinkled over the inside, 
and a coat of wet salt and whiting is 
put on the outside to guard against 
effects of the different gases from 
the fire and to preventany tinadhering. 

Take a quantity of block or ingot 
tan and slowly melt it in a ladle, being 
oaaeful not to allow any jiart of it to 
beoaqie too hot or got burnt. When 
the tih is melted and ready, then 
warm ai)d dry the vessel to be tinned, ' 
and pour a sufficient quantity of tin | 
'iuW it. Koxt i^e a pad with pow-1 


dered lal-ammoniac dusted on it, and 
with it rub the liquid tin over the 
entire inside surface of the vessel until 
i every part is well covered, and then 
; pour out the bulk of the liquid tin. 

I After heating the vessel to a uniform 
’ heat all over, hike a wis^) of clean, 

' soft tow, the liand first being protected 
i by means of a glove wliich has had 
the tills of the fleers cut off as far as 
the first joint, and whisk it in a pan 
of powdered sal-ammoniac; then with 
a %ht hand and a few ()uick motions, 
first around the left side and then the 
right, and then across the bottom, 
wipe out the residue of the tin, leav¬ 
ing only a clear bright coat on the 
si:^ace of the vessel. Only by practice 
can the liest results 1)6 obtain^. While 
tiie tinning jirocess is going on, a boy 
is busily 8(H>uring and preparing other 
vessels. The tinning ])ix>cess being 
over, the next in order is to scour 
each article with clean white sand on 
tlie outside to remove the salt, and 
inside any sal-ammoniac that might be 
left. This scouring must be carefully 
done, and it is l}est to have a separate 
place for each operation, so tliat when 
the outside is cleaned off the inside can 
l)e scoured without fear of contamina¬ 
tion from the salt; because if the out¬ 
side scouring wisp should by mistake 
get on the inside the work would be 
s|K)iled. It is 1)^1 to keep the wisps 
far enough apart to ensure them from 
being taken up and used by mistake. 
After the sal-ammoniac has been 
scoured off and the surface outside 
and inside is clean and bright, the 
articles arc rinsed off in clear water 
and dried in clean, fine sawdust kept 
in a lai^e box, and then stood around 
a large forge-fire to be dried more 
thoroughly. Next brush off the saw¬ 
dust, and with a clean, soft linen or 
cotton and clean whiting, polish 
the inside; then with another rag and 
a little crocus polish the outside. 

Small Articles.^^Place them in 
warm water, with a little sulpharie 
acid added to it, which will clean them; 
then ]M>wder some sal-ammoniac and 
mix it in the water, stirrup well unt& 
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all is dissolved. After washing the tochloride of tin. Heat the whole to 
articles in clean water, place them in boiling, then immerse the articles to 
the solution for a few minutes ; then be tinned. This process is convenient 
lay them by the fire to dry. Procure for small goods such as jiins, hooks, 
a |)an resembling a frying-])an in shape, etc., which are put in a tin sieve to be 
the bottom* of wliich must l>e full of immersed. 

smidl holes. The ]x>t for molting the (/) Prepare a bath of distilled water, 
tin must be large enough to admit this 66 ; cream tartar, 6} lb.; tin 

pan. Cover the bottom of the per- protochloride, 10’ oz. The powdered 
forated i)an with the articles tliat are cream of tartar is dissolve*! in 44 gal. 
to be tinned, and, after s]irinkling a warm water, and the tin salt in 22 gaJ. 
little ]>owdered sal-ammoniac over the cold water. The two solutions when 
surface of the molten tin to clear it mixed become clear, and the resultii^ 
from dross, dip the i>au contaiuiug the bath has an acid reaction. 

^xkIs into it; after all smoke has die- Distilled water, 66 gal. ; pyrophos- 
appeared, lift it out and shake well pliate of potash or soda, 16 lb.; proto- 
over the put, sprinkling a little sal- chlorideof tin, crystallised, acid, 21 oz.; 
ammoniac over the goods to prevent or the same fused, neutral, 14 oz. The 
tlxem from liaving t^ thick a coat, whole is dissolved at the same time on 
then cool quickly in cold water to keep , a metal sieve, and, after stirring, the 
them briglit. bath is cle<ir. 

Braas or Copper. — (a) Plates . Either of these solutions is kept in a 
or vessels of brass or copper, boiled barrel with the top off. This barrel 
with a solution of stannate of potash, lias at its lower ^lart two tubes placed 
mixed with turnings of tin, l)ecume, in one above the other, connected with a 
the course of a few minutes, covered small lioiler built below the level of 
with a firmly-attached layer of pure the lx)ttom of the tank. The tube, 
tin. . starting from the bottom of the tank, 

(fe) A siiiiilar effect is j)roduced by reaches nearly to the Iwttom of the 
boiling the articles with tin filings and I boiler ; the other tube, which is placed 
caustic alkali, or cream of tartar. 

In the above way chemical vessels 
made of copper or brass may be 
easily and perfectly tinned. 

(c) Boil 6 lb. cream of tartar, 

4 gal. water, and 8 lb. grain tin or 
tin shavings. After the materuds 
have boiled a sufficient time, the 
substance to be tinned is put 
therein, and the boiling is con¬ 
tinued, when the tin is preeiju- 
tated in its metallic form. 

(d) The article are firat put in 
dilute sulphuric acid, and when 
quite clean, washed in warm water. 

They are then dipped m a solution 
of killed spirits, and afterwards 
plunged into a bath of molten tin, F^o. 233. 

to which a little zinc has been 

added. When taken out the articles about 3 in. from the bottom, of the 
are rubbed with a then plunged tank, is connected to the top of the 
into hot water. ' boiler, as Fig. 233. A bent safety tube, 

(«) Add to 10 quarts of water ^ oz. connected only to the boiler, prevents 
of oream d tartar and 14 dr. of pro- \ any explosion, tiiould there be an oh- 
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stniction in the other tubes. A small 
quantity of water or mercury in the 
bent arm of the safety tube will pro* 
Tent the escape of steam, when it does 
not exceed the working pressure re¬ 
quired, or a safety valve may be used. 
When the boiler and tank are filled 
with liquid, as soon as lieat is applied, 
the expanded and lighter liquid will 
rise through the upper pipe into the 
barrel, while the colder and denser one 
will flow into the boiler through the 
lower pipe. A continual ciroulation is 
thus obtmned, which keeps up a con¬ 
stant agitation of the contents of the 
bath. Large articles are cleansed and 
rinsed, and piled in the bath with a 
few fragments or spirals of anc; the 
surface of the zinc should be about 
of that of the tinned articles. For 
small objects, such as pins or hooks, 
dispose them in layers about 1 in. thick 
upon perforated plates of zinc, which 
allow of the circulation of the liquid, 
and have their edges turned up so as 
to prevent the objects from falling off. 
These plates should be removed from 
the bath in the inverse order in which 
they have been put in. These zinc 
plates must be scraped and cleaned, so 
as to present fresh surfaces of zinc in¬ 
stead of the white crust, which pre¬ 
vents its contact with thefu*ticle8 to be 
tinned, time for thu is 1 to 3 
hours, llien remove all the objects, 
and add to the bath 9 oz. pyrophosphate 
of soda or potash, and as much fused 
tin protochloride. Whilst the solution 
is going on, scratch-brush the large ar- 
tides, and stir the small ones about 
with an iron fork, to change the points 
of contact. The objects are then again 
steeped in the bath lor at least 2 hours. 
The large pieces are scratch-brushed 
again, and the small ones rendered 
t^ht by mutual friction. Then dry 
the whole in dry and warm fir-wood 
sawdust. Cast-iron cooking vessels 
tims tinned have a bright appearance, 
and iiave^the advantage of never com- 
munkating any taste, smell, or colour 
to the food cooked in them, even when 
the tinning, after Icmg use, has com¬ 
pletely dinppeared. 


Colour of Tin Deposit.—If the 
tin deposit is grey and dull, dthough 
abundant, prepare the bath, once or 
twice, with the add crystaUised tin pro- 
tochloride. With a very white deposit, 
but blistered and without adherence or 
thickness, replace the add salt by the 
fused one. In the latter case, also di¬ 
minish the proportion of tin salt, and 
ino'ease that of pyrophcephate ; a great 
deal of the success of tbs operation de¬ 
pends upon the quality of the pyro¬ 
phosphate. When a tinning bath has 
been worked for a loi^ time, decant 
the liquor to separate the zinc pyro¬ 
phosphate form<^. And when, idter 
severd years, tiie solution is entirely 
used upfrum the alteration of theBalts,it 
should bekeptin preser\'ingtubs, where 
the objects to be tinned are put after 
cleansing. 

The Boiling White” Pro- 
cess.—By “boilmg white,” a thin 
coating of tin may be applied to small 
articles made of brass and ropper. Do¬ 
mestic pins are sometimes so treated, 
thus acquiring their brightness. In 
circumstances when the colour of brass 
hinges or nails would not match the 
object for which they were intended, 
tl^ method of tinning would render 
them fit for their purpose and save 
purchasing things made of a wliite 
metal. Similarly, small i^rts of arti¬ 
ficial baits used for sea or fresh-water 
fishing can be easily tinned; this makes 
them shine in the water, and renders 
them more conspicuous to the fish. 
Tackle-makers and others may there¬ 
fore make brass swivels and other odd¬ 
ments of tackle appeu* like silver and 
permanently bright; and other in¬ 
stances where jx)iling white would be 
usehil may occur to the workman ac¬ 
cording to his special occupation. The 
method is extremely simple. A piece 
of block tin, weighing about ^ lb., must 
; be obtiuned. Melt this in an iron ladle, 
and whilst liquid pour the metid into 
a wide-mouthed vessel about half full 
of cold water. A bucket or tin pan 
would answer the purpose. Inpourmg 
the molten tin the ladle should be held 
at some height above the water, and it 
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IB desirable to stand on a chair. If l 
not t>oured into wata: the tin' would 
be spilt. The tin, imme^tely it 
touches the cold water, forms “grain " 
tin, K[)readiug, and at once assuming a 
flaky consiBiency. Having drained off 
f the water from the bucket or pan, a 
box (without a cover) must be made of 
perforated zinc to contain the tin. A 
piece of zinc 1 ft. s<[uare makes a box 
large enough for small articles, for 
which boiling white is sjtecially con* 
venieut; but tliere is no reason why 
it should nut be practised <]uite satis* 
factorily on a larger scale. Having 
marked out the size of the l>ox, cut 
out the square piece at each corner 
with snips or strong scissors, and when 
the sides are turned up all round, wliich 
is easily done with a mallet or hammer 
over an iron stake, the edges will meet. 
To keep the four comers of the box 
together, small pieces of fine copper 
wire should lie inserted through the 
holes in the zinc and twisted tightly 
with the fingers. Having made the 
box, whicli need only l>e a rough afimr, 
put about half the grain tin into it. 
Then place ujion this the brass nails, 
or whatever they may be, and on the 
:aitop of them the remuuder of the tin, 
so as to cover them. For ease of ex¬ 
amination it is better, if })OBeible, to 
string or attach the articles to a piece 
of cop]>er wire, the two ends of which 
are left projecting from the top of the 
box. The bra^i should be chemically 
clean, as then it will t^e the tin 
more r^ily, and, if lacquered, the 
lacquer should be removed by boiling 
in caustic jKvtash. Before tinning, the 
articles will be further improved by 
holding them in dipping acid for about 
a second, then immersii^ immediately 
in clean cold water. If this is not 
very rapidly performed the metal will 
turn black. When the things luive 
been prepared and placed in the tine 
box amongst the grain tin, the whole 
is boiled in a saucepan nearly full of 
water; a saucepan enamelled inside is 
to be preferred. Whilst the water is 
boili!^, some cream of tartar should be 
liben^y iprislded on the top of the 


tin. The process’of boiling will occupy 
nem'ly | hour, and if ^e water in 
the saucepan b^mes insuflicient more 
should be added. The boiling can be 
done over a fire, but a ^-biumer is 
lumdier in a workshop. By examining 
the articles it is easy to ascertain when 
they have received sufficient coatings 
of tin, as then they will ap)>ear of a 
uniform dull grey colour. If n« t, the 
boiling must be continued for another 
five or ten minutes until the brass is 
no longer visible. Then take them 
out, rinse in clean water, and dry with 
a cloth. A rub up with washleather 
or Selvyt cloth will <[uickly render them 
brilliant, and they will look as if they 
had been nickel-plated. The grain tin 
should not be thrown away, as it can 
be used again and a^n. As this u a 
rather lengthy process, it is a good 
plan to boil a number of the article 
at the same time. (Hasluck.) 

Brass Wire.—(a) Have two baths, 
one containing the molten tin, kept 
at a proi)er temperature, the other 
a saturated solution of tine chloride 
(killed spirit). Immerse the coW of 
brass wire in a boiling solution of caustic 
potash, and remove it to a bobbin, hav¬ 
ing a fixed spindle and one movable end. 
Pass the wire by means of suitaUe hard 
wood or brass deeply-grooved puUeys, 
so that it shall pass through toe tine 
chloride bath into the molten tin, and 
afterimmersion cause it to pass between 
the grooves of two pulleys, revolvii^ 
in contact with each other, so that the 
grooves form a hole equti in size to the 
tinned wire ; these will squeeze off any 
superfluous metal that may be curied 
up from the bath; cury forward the 
end and attach to it a fresh bobl^, and 
wind off at a suitable speed. The wire 
must be raised sufficiently in tempera¬ 
ture before it will tahe the tin, and it 
must be properly cooled again before it 
resMshes the final bobUn, which can be 
effected by pladng it at a proper dis¬ 
tance from the tin bath. 

(b) Anoth^method is to faaveasolu- 
tionof tin perchloride which is prepared 
by passing washed chlorine gas into con¬ 
centrated aqueous solution of tin salti 
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and expelling the excess of chlorine by 
gently warmingit, then diluting it with 
8 to 10 times its volume of water, and 
filtering it if necessary. Tlie article, 
well pickled in dilute sulphuric acid, 
polished with sand and a steel scratch* 
brush, and rinsed with water, is loosely 
wound with a sdne wire, and immersed 
for 10 to 15 minutes, at the ordinary 
temperature, in the dilute solution of 
tin perchloride. After being tinned in 
this way, it is raised, bruslied witli a 
scratch-brush, dried andfinally {Kdished 
wirii whiting. Cast iron, wroughtiron, 
steel, copper, brass, ]ea<l, and zinc can 
be tinned by this metlu^. 

Iron Wire.—(a) The first process 
is to immerse the wire in raw hydro¬ 
chloric acid, and let it reimun until all 
scale is dissolved off. The wire is then 
put into killed spirit for a time, and it 
is then ready to (nisb through the bath 
of molten tin. 

(6) A more elakirate process as 
adopted in works where large quantities 
of wire are dealt witli is as follows : As 
the wirecomesfrom theannealer it goes 
to a cleaning room, a well ventilated 
place, as the acids used give off injuri¬ 
ous fumes. Along the side of the room 
the various pans or troughs of 
chemicals. The first will contain 
grounds, which is ol<l sour ale or dis¬ 
tillers’ wash, and sulphuric acid. There 
would be 5 or 6 pints of suljihuric acid 
(vitriol) to 4 or 5 gal. of grounds. 
The wire is immersed in this for about 
^ hour to remove all scale or mechan¬ 
ical impurities. It is removed from 
this bath by means of iron hooks, then 
dropped into a bath of clean water. 
In tl^ bath it is examined to see that 
all Bc^e or dross is removed, as, if not, 
it must ^ back agmn. If it pass 
it is put into still another liaih of clean 
water to ensure all the acid being re¬ 
moved. The add causes bubbles to 
riM) sfid when these cease tiie wire may 
be considered clean. From this room 
the' yrire goes to an adjoixung room 
whi<^isrievoted to the tinning. Only 
sufficient is taken to be dedt with at 
once, as exposed to the air for long 
it wUl require te-^icklLg. Here the 


wire is passed through a liath of muri¬ 
ate of tifi, aud, the wire being put on 
suitable reels, it next (msses first 
tlintugh killed s]>irit then through ttte 
bath of mitltcn tin. On tearing the 
tin bath the wire is drawn tlirough 
liard bliKjks or close fitting grooved 
pulleys to remove any excess of tin. 
Over each Iwtli in the cleaning room a 
stout laxijecting rod should be fixed in 
the wall so tliat tlie coils of wire may 
Ikj susjjcjhUhI to drain*over the Ijatii 
tliat it is taken from. 

(c) The following is Heereu’s process 
for giving iron wire the appeiirance of 
silver. Tliis is done by a thin film of 
tin. The iron wire is first placed in liy- 
drochloric acid, in which is sus)iended 
a piece of zinc. It is afterwards placed 
in contact with a strip of zinc in a bath 
of 2 iiarts tartaric acid dissolved in 100 
of water, to wldch is added ‘6 iiarts tin 
salt and of soda. I'he wire should 
remain about 2 hours in this bath and 
then be removed, and made bright for 
jKilishing, or drawing tluxiugh a polish¬ 
ing iron. By this galvanic method of 
tinning, wire which 1ms been wound in 
a spiral, or iron of other slmpe, can be 
made quite white, which is an advan¬ 
tage over most other methods, where 
the wire is tinned in the fire and tlien 
drawn through a drawing plate. 

Small Iron Articles.—(a) When 
small iron castings Imve to be tinned 
all over, they must be thoroughly clean¬ 
ed, then immersed in dilute sulphuric 
acid to remove scale, i^hould black 
B|K)t8 then show the pickling must be 
continued, aud, if necessary, they may 
be scrubb^ with a stiff brush (wire for 
preference) and a little fine sand until 
the iron h^ a clean grey surface. The 
articles are dipped in killed sprit, 
dusted over with powdered sal-ammo¬ 
niac and are then ready for immerrion 
in the bath of molten tin. If any parts 
appear to be uncoated after paadng 
through the tin,t8prmkle with sal-om-. 
moniac, and |put into the tin again. 
The articloi must be kept in the tin 
until they 

^se the coat will ndt~b6 perf^ It 
I is not derirable tolAveW^Too hoi> 
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but it must be hot enough to dffun off 
the articles as they are lifted out of it. 
When articles are required to have a 
liigh itolish, the tin should be allowed 
todrainoff, andnotbewij)ed off. They 
will then take a liigh |tolish if gone over 
with a rag dolly ati^hc<l to a lathe, 
mth a little jxilishing lime. 

(h) Anotlier method of tinning iron 
gtKsls is Hslollows. Iron whiclj is to be 
tinned must be, previously Hleepetl in 
acid materials, sucli as sour whey or 
distillers’ wash; then scoured and 
dip])ed in molten tin, liiiving been first 
rublxsl over witli a solution of sal-am¬ 
moniac. The surfjicc of the tin is jrt“e- 
N’ented frouTwilcining by covering it 
with a layer of fat. 

'’"fc^’Tlie following ])rocess is not 
sufficient protection for inui, as the 
tin is a mere film, hut it may l>e use¬ 
ful when thicker coats of tin are to lie 
applied by other processes. For the 
liath, dissolve vsith the aid of heat, in 
an enamelled cast-iron kettle, ammonia- 
alum, 11 oz., and fused tin proto* 
chloride, oz.,in gal. soft water. 
The jneces of iron, prcAiously cleansed 
and rinsed in (5<)ld water, are steci>ed 
in the solution tts soon us it boils. 
ITliey are immediately covered with a 
film of tin of a fine white dead lustre, 
which mjvy be rendered bright by fric¬ 
tion. The bath is maintained at the 
pro})er strength by small adiUtions 
of fused tin protochloride. Tliis bath 
is convenient for a preliminary tinning 
of zinc; when the ammonia-fdum may 
be replaced by any other kind of alum, 
or by alumina sulpliate; but for 
wrought and cast iron and steel this 
substitution cannot be made. 

Case-hardesed or Hard Steel 
Articlei.— This may be done without 
affecting their hardness, if care is used. 
Tin mdts at 442*^ F., while polhduid 
stediaffltltBwi-a yellow 1^ at 470®.!’.. 
Th8“1Wir{)ip6c^, as with bCKer iron 
goods, is to remove scale (if any), either 
from foundry or forge, by means of a 
pickle of dilute sulphuricacid, and then 
scratch-brushed or scoured with sand. 
If the articles are of steel and liave been 
quenched or hardened in oil, every 
4 


trace of the oil must be removed by 
immersion in boiling solution of soda; 
next the surface must be made chemic¬ 
ally clean; even the filin qf^^qade, 
which causes the y^o^colour, will 
prevent “the prbper adherence of the 
tin to the sted. Have a bath consist¬ 
ing of 1 pirt of hydrochloric acid to 
ahmt 20 iMirts of water, hold the article 
with a pair of tongs and stir it for a few 
seconds in the l)ath, withdraw it, and, 
while still wet, instantly immerse it in 
the molten tin, the surface of which 
should be kept from oxidising by a top 
surface of clean tidlow'. The article, 
when withdrawn, will lie found com¬ 
pletely tinned. Precaution must be 
taken not to overheat the tin, but keep 
it <lown to the projier melting temper¬ 
ature or the hardness of the articles 
will be affected. 

Iron Saucepans. —If the sauce- 
})an is an old one it must be put 
on the fire and allowed to get nearly 
red hot, whicl) will get n<l of all the 
grease; tlien make a pickle of the 
following projHirtions: Oil of vitriol, 

J U>. \ muriatic acid, \ lb. ; water, 1 
gal. If the saucei«an can be tilled so 
much the tiettcr, if not keep the pickle 
flowing over it for say 5 minutes, jKiur^ 
out, rinse with water, and well 
witli sand or coke dust with a wisp of 
tow; rinse well with water. If the jian 
is clean it will be of a uniform grey 
colour, but if there are any red or 
black spots it must be pickled and 
scoured i^in till thonmghly clean. 
Have ready zinc chloride, tliat is, hy¬ 
drochloric acid in wliich some sh^ 
zinc has been dissolved, some pow¬ 
dered sal-ammoniac, some tow, about 
18 in. of iron rod J to | in. tliick, one 
end flattened out and bent up a little 
and filed clean, and some bar tin ; dip 
a wdsp of tow in tlio zinc chloride, then 
into the iiowderedsal-ainmoniac, taking 
uj) a good quantity, and rub w’ell aU 
over the inside. This must be done 
directly after the scouring, for if al¬ 
lowed to stand it will oxidise; put on 
the fire till hot enough to melt the tin, 
the end of the bar of tin being rubbed 
over the heated part till melted; run 
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down about half the bar, and with the with n^riatic add, and immediately 
flattened end of the iron rod rub the ' apply a little of the amalgam to the 
tin well over the surface, taking care : surface, rubldng it in with the same 
not to heat too large a surface at once, ! rag. The amalgam will adhere to the 
nor to let it get too hot, which may \ surface - and thoroughly tin it. Cast 
known by the tin getting discoloured, I iron, wrought iron, st^l, and copper 
when some dry sal-ammoniac must be j may be tinned this way. Those who 
thix>wn in. Having gone all over it. ! find it difficult to nudce soft solder 
wipe lightly with a wisp of tow, just | adhere to iron with sal-aminoniac, will 
m^e warm enougii tliat the tin does find no difficulty if they first tin th^ 
not stick to it; when cold scour well surfaces in this manner, and then pro- 
with sand and tow, rinsing with plenty ceed as witli ordinary tin plate, 
of water. Tin Phit< —It is unnecessary to go 

To make the best job of retinniug into the <|uci>tion of rolling the sheets 
it is important that all the old tin be used for tin plate, and, tlierefore, the 
removed by filing, scouring, or ma- followingdescriptionreferstothetreat- 
chining, and then, having given a new ment of sheet metal ready annealed 
clean surface, proceed as with new and cut to size. In days gone by the 
goods. New ware lias the surface pre* sheet metal was of iron, whereas now 
pared one of these methods, after steel is mostly, if not always, used, 
which the article is gradually heated i To get a clean metallic suriace, such 
to redness, and then allowed to (^ool. t as is re<]uiBito to receive the tin, the 
Assuming that there is no grease, 1 iron must l>e dipped repeatedly into 
another method of preparing the sur- ' quite dilute sulphuric or hydrool iloric 
face is to use a pickle of dilute sul- | acid, theu policed and scoured, each 
phuric acid, used warm. After this \ one separately, with shar}) sand over 
the article is immersed in another | the entire surface. It is now ready to 
pidde of dilute hydrochloric acid, receive the tin, and passes to the tin* 
where it is allowed to remain some ning room. 

time. Lastly, it is subjected to a In this room are a number of batha 
pickle of killed spirits, and tinning is or pots, called kettles, all of tlie san^ 
proceeded with as described. If any ' height, placed in a row, and heated 
parts do not take the tin, the u'ticle with fires beneath them. They 
must be re-heated to the melting point | called the grease kettle, the tinning 
of tin, and a little grain tin rubbed kettle, the brush kettle, the fine tin 
over with some sal-ammoniac. The or roller kettle, and the grease kettie. 
hot tinned surface is wiped out with a The different operations performed in 
tow pad as usual. these kettles take pUce in this order: 

Zinc.—The proportions of tlm bath The pickled and scoured plates are put 
are as follows: Distilled water, 66 gal.; in the first kettle and thoroughly coated 
soda pyrophosphate, 11IW; ^sed tin with grease, which should pura 
jwotochloride, 35 oz. A thin tinning is ‘ tallow, Imt palm oil is largely used, 
obtained simple dipping, and one Then it goes to the tin kettle, in which 
of any thickness by the aid of the it is moved about until evenly tinned 
batte^. all over. From this it goes to the 

0«ld Tinning.—Block tip dis- third kettle, also containing tin. Here 
solved in muriatic acid with a little mer- each individual plate is taken out and 
cury forms a very good amalgam for cold brushed with an oakum brush or pad 
tinning; or, 1 part of tin, 2 of zinc, of hemp to remove the coarser fjar* 
6 of mercury. Mix tin and mercury tides. It is next put in the fine tin f 
tc^tiier un^ they form a soft paste, tiien in the last kettle, which also e(«r| 
Clean the metal to be tinned, taking tains hot grease, on a grating, or moved! 
care to free it |rom greasiness ; then up and down in it by rollers. Whatt 
rub it with a piece of cloth moistened the plates come from this kettie thsy*' 
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}we placed on racks to cool. The tin¬ 
ning is now completed, but they do 
not look very nice, owing to the ad¬ 
herent grease. To remove this they 
are drawn tluxiugh three or four large 
boxes filled witli slaked lime, sawdust, 
bran, or flour ; flour is the Vieat (if all, 
for it cleans them better, and after it 
gets saturated with grease the flour 
can lie used for cattle feed. 

After the tin )jlatC8 leave these boxes 
they go to the jHiIishing bench to 
remove the dust. This bench consists 
of a table covered with woollen cloUi, 
or a sheep jielt, and the sheets are 
rubbed singly with a rubber made of 
wool or sheep-skin, wltich Inings out 
the pure, fine lustre of the tin. 

The tin is next assorted by a careful 
inspection of Ixitli sides, and classified 
as flrst, second or third quality. Sheets 
that are imjierfectly tinned are sent 
back to the tinning room, wliile the 
rest]Meked in wooden boxes and 
tlie brand is burned on. 

Tliere is not the least doubt tliat 
instead of tallow or oil, killed spirit 
is now being largely used as a flux, but 
those cajiable of judging consider it a 
likely cause for the plates rusting at 
an early date. 

In an U]»-to-date plant that was in- 
s])ected, the last hot grease iH>t was 
fitted with rolls capable of such precise 
adjustment that any desired amount 
of tin could be sijueexed ofi'. Tins 
enabled any quality of work to l)e pro¬ 
duced with the utmost accuracy and 
economy of tin. 

Tin - Plates.— Before a recent 
meeting of the Institution of Mecluvnical 
Engineers Mr. K. B. Thomas read every 
instructive ])aper on the manufacture 
of tiD-])lates. After giving a brief 
history of tlie industry lie descril^ed 
the manufacture as foUows: It com¬ 
mences with the rolling of the mild 
steel bars, which contain 0*1 per cent, 
of carbon. These are from 6 to 10 in. 
wide and from | to | in. thick. They 
are out up into quite short lengths and 
are ^ass^ between cast-iron roll^ 
chilled to a depth of about | in. 
These rollers are 19 in. diameter and 


usually 26 in. long. The rolling speed 
is low, not more than forty revolutions 
per minute. Four men are attached 
to each mill, one on either side of the 
ndlers, and one at the furnace, while 
the fourth looks after the doubler’s 
shears. The material is heated and 
rolled times. After the first heating 
the long edge is j)resc“nted to the nip 
of ihe nmgliing rollers so that the 
material is stretched in the direction 
; of its width. Two ])ieces are passed 
through alternately, one being re- 
t.urne(l over the roll wliile the other 
goes througli, until eacli has been 
Itassed through 4 or times. After 
the second heating each slab is twice 
rolled, by which time it is reduced to 
about 14 B.O. It is then doubled upon 
itstdf and the double ei^ flattened 
down under a 8(iueeser. Every once- 
doubled ]>iece is re-heated, stretched 
in thefinishing-ruUs, and ^in doubled, 
so that it now consists of four layers 
at tliis stage. After a squeezer has 
flattened the double edge down, tlw 
edg(» which came together on first 
doubling are trimmed off in the shears, 
and the pieces returned to the ffnuhing 
furnace. The f(»urt)i heating is fol¬ 
lowed by a repetition of the last opera¬ 
tion. The twice-doubled piece is 
stretched and doubled so as to form 
eight thicknesses, the o{)en ends 
being trimmed with the shears before 
the pieces are returned to tlw furnace 
for the final heating; they now con¬ 
sist each of eight layers and are finished 
off to length in the rolls and are piled 
on the side/)! the mills, away from the 
furnaces. The object of the doubling 
is to preserve the necessary thickness 
t of plate upon which the rolls may bite. 
In some mills the process neceswily 
differs from the description given, 
wliich represents the common practice 
in South Wales. The next process is 
to shear the sheets to standard sizes, 
after which the plates are treated with 
warm dilute sulphuric acid for the 
removal of the bla«k*oxide scale formed 
on the surface during the rolling. 
After pickling, the plates are black 
annealed by soaking" in a high 
A 8 2 
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temperature to uoften tlie &teel. This 
stage is preparatory to cold rolling, 
and has the effect of removing dl 
traces of water stains. During cold 
rolling the plates, now clean^ and 
anneaJed, are subjectetl, under great 
pressure, to the action of chilled rolls. 
This has the effect of giving them a 
good surface. These rolls, 26 in. long 
by 19 in. diameter in the borly, are in 
all re8i)ecU like the mill-rolls, except 
that the chill is J in. dee|>er. The 
speed is about fifty revolutions jHjr 
minute, and at each jwir of rolls a boy 
sits on a stool with a pack of plates 
resting on his knees, and on a guide 
between tlie housings. He thus deals 
the plates one by one in rajm! succes¬ 
sion through the rolls, using his hand 
and thumb to separate or feed the 
plates singly. Behind, the jdates are 
picked up by amjther boy and carried 
back to the next line of rolls, where 
they m'e put through in the same 
way and carried l»ck to the last line 
of rolls. Each plate thus gets three 
passes, one in each line of rolls. 

The cold rolling causes the soft an¬ 
nealed plates to become harrl and rigid, 
and they re<juire to be annealed again 
to enable them to recover from the 
imposed strains and to assume the 
jiliability required in tin jJates. This 
is “ white ” annealing, and the methofl 
is the same as in the “ black,” except 
lhat the heat used is not so gretit, and 
the time given is only aljout 7 hours. 
The plates are then finally pickled to 
clean the surfaces for the coating of 
tin. After white pickling^ the plates 
are not allowed to dry Ijefore they are 
put into the tin-iK)t, which consists of 
two parts. In the first of these the 
surfed of the molten tin is dividetl 
into three compartments. The second 
is surmounted by the “grease-pot,” 
filled with palm oil. Two men work 
the pot, one feeding the plates into 
the met^, and the other receiving 
them with a pair of tongs as they 
er^rge from tlie gfe^-pot, and trans- 
ferrk^ them to the cleanii^ maclune. 
A layer of liquid fiux (chloride of zinc) 
floats on the surf^ of the metal in 


the fli^t compartment. The plates 
are fed down through this and are 
pushed through the metal ^oug guides 
by moans of a hand-fork, until they are 
taken by the i-olls. As the ]>late8 
emerge from the first section of the 
|)ot they meet the outside guides, and 
are l>eut into the second |iair of rolls, 
finding their way thus through the 
second section of the )}Ot and up 
through the palm oik In their pas¬ 
sage through the tin the plates take a 
heavy coating, the surplus of which 
is removed by the pressure of the rolls 
in the grease-] K>t, the primary object 
of the hot jwlm oil being to keep the 
tin-coating fluid while this is being 
done. L^s pressure is put on the 
.si»rmgK fcjrcing the finishing rolls to¬ 
gether utkI a quicker s])eed is given to 
the rolls if a heavier coating of tin is 
reijuired, and vice rerita, 

it is obvious that the ]>alm oil could 
not 1)6 allowed to remain on the tinned 
surface, and the ]>late.s are next re¬ 
moved to a cleaning machine, which is 
a device for i)UKhing the greasy plates 
through a mixture having alMorbent 
(jualities. What is known as “shudes, ” 
a by-pnxluct of grain mills, or pink 
meal and powdered stone, irf used. 
Finally, the finished ])lateB are cfuried 
to the assorting room, where they are 
turned over sii^ly and carefully ex¬ 
amined for defects, the ilefective plates 
being rejected and sold at inferior 
prices. The plates are then firat 
counted, then weighed, and packed in 
birch, elm, or other hanlwood boxes, 
which arc nailed down, and the plates 
are then reafly for 8hii)meut. 
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Tobacco Pipes. 

(Sfe also Pottery). 

(a) Amonf? the brancheR of induRtry 
A-hich have lieen a conaetiucuce of the 
introduction of tobacco, the inauufao 
ture of pipew Ijoh become of coiiRuler- 
ahle importance. Immense (luantities 
of wckh), mecrK(;Tiaum, china clay, and 
pipe clay are annually converted inl<i 
pi|)e», principilly in England, France, 
(lenuauy.and Austria; a smaller «juan- 
tity king prmluccd in Holland and 
Turkey. Wooden, china, and lueer* 
schaum pi}>es are made mostly in Oer- 
‘ many and Austria, and among clay 
pi|)e producers England takes the first 
rank. Although the ^alue of clay 
pi])e8i.> comjjaratively small, the enor* 
mous quantity in wliich they aix; made 
makes them an importaiit product of 
industry to Englajul. 

Clay Pifes. —^I'he princi]»al ]iipe 
factories are locJited in 1 )orsetshire and 
l>evonshire, where a pure variety of 
|>otters’ clay is fouml in great abun¬ 
dance. It resembles kaolin in Us char¬ 
acter, although it contains a little less 
silica, aud remains <juite jionms after 
baking. The clay is first freed of all 
impurities by levigatioii, and then , 
undergoes re{>eatefily' a [>roccss of | 
kneading and curing in open tanks, : 
exposed to the air, in much the same 
way osclay for other jiurjioses is treated. 
After it lias acquired the desired plas¬ 
ticity, it is dividwl into masses of 
about 50 Ih. each, which arc then 
given to the formers. 

The first stop in making a pii>e is 
the formation of the stem in a metal 
mould. A small lump of cky is left 
attached to the rod, of which the cup 
is idterward forraetl. The rod is then 
pierced through its length with an oiled 
brass wire. Holing the pii)e by the 
free end of the stem, the operator now 
imparts to the cup its external form 
by means of a copper mould, in which, 
if ornamental pip^ are to be made, 
are engraved the designs. It is pro¬ 


vided with a spring to open it auto- 
luivtically. The pipe then passes to a 
third oixjrator, who forms the inside 
of the cup with lus fingers, and estab- 
lislies communication between the cup 
and the stem by' piercing t.he separating' 
wall with the brass wire. The pipe is 
now put aside to dry in the sun, after 
which it is ready for the oven. Three 
men finish 600-700 pijies a day. 

Fig. 234 represents an oven used by 
English pipemakers. The fire A is 
located centrally in the oven. The 
heated gases circulate through the 
sf)ace B, formed by the walls of the 
oven and by the muffle C, which re¬ 
ceives the pipes. The latter are intro- 
‘ ducedthrough the door E,andarTanged 
in the ]K)8ition indicated, on shelves 
i made of biscuit eartlieuware. An oven 
of tills kind usually contains 2000 
pipes. The pipes are generally baked 
for S-9 hours. 

Orxlinary pijies receive no glazing of 
any kind, W'hile some of the better 
class arc painted and glared. They 
are very’ porous, hence their tendency 
to adhea' to the lii»a. To overcome 
this, the mouth ends are dipped in 
water containing a little pijie clay in 
sus{)ension, and polished. By this 
means the pores of the clay are stopped. 
Vipes of better quality are covered 
with a mi.xture of soap, wax, aud gum, 
and then polislieil. 

Difficulty is occasionally experienced 
in holding the pipes in proper position 
in the oven. Some mauufacturers fill 
the oven witli fine sand after the pipes 
are in position. The sand fills all 
interstices and supports the pipes, 

(b) The clay pipe, like the neetlle, 
Itas to undergo a large numlier of 
operations before reaching the state in 
which we find it in commerce. The 
manufacture of it requires much mani¬ 
pulation, and, despite the progress of 
mechanics, the machine not been 
introduced. 

For the manufacture of pipes, ^ 
clays are not equally suitable. Use is 
nui^e of plastic and usually white clay, 
and sometimes of clay coloured 
I metallic oxides. Such clays are not 
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met with in Prance in a isufficient state portion. The first operation that the 
of purity, but are procured from the material undergoes is consequently a 
Belgian Anlounes. cleaning, winch is done partly by hand 



by children and is finished 
by a washing of the clay 
and allowing it to de}K>sit 
in liasins of large dimen¬ 
sions. 

The second operation is 
tlie mixing of the earths in 
definite j)roportionB. As 
each clay 'has a different 
proi>erty, the mixing of 
several kinds is necessary in 
order to obtain products 
tliat vary as to colour, hard¬ 
ness, etc. 

This mixing is one of the 
principal secrets of the 
manufacturer, and an opera¬ 
tion that requires no end of 
study before giving such a 
product may be required 
by commerce. It is per¬ 
formed in pug mills actuated 
meclianically, an<l identical 
with those use<l in (wamios. 
The clay comes from the mill 
perfectly homogeneous and 
in a state of m^ium plasti¬ 
city. It is then carried 
an elevator to the rooms of 
the rollers in the upper jiart 
of the buildiiig. It is dis¬ 
tributed in Idocks over 
wooden tables, around which 
are seated 12-15-year-old 
children, who are called 
“rollers,” and who take a 
piece of proper size in each 
liand and form it into a ball 
1^ rolling it on the table in, 
different directions. Then, 
exerting a pressure with the 
hand upon a part of the 
ball, and giving itabackward 
and forward motion, tkey 
very quickly give it the form 
of a pi])e whose bowl and 
stem are in the same udi. 


’' They have produced • 

The40cla^ always contain impuri- “roll.” The, roll made, th^ 
ties, brasuting of oxides, sand, frag- bend up the head of it slightly mid 
roents of ro^, ete., in variable pro- place it aloi^^side of them upon 
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hoead. These I)oanlR, contaiuing h .push the needle into the roll could not 
definite number of rolls, are'carried advance more than ^ in. without push* 
to the moulders. ing it through the side, while the i#ork* 

The moulders’ tools include a mould man performs the operation in a few 
of one or more pieces (showij in Fig. instants on pipes l.'i in. lotjg and 0 15 
23.5), a compressor, a loi^ needle, a in. diameter in the thickest part, 
steel knife, and a press. This oi>eration is performed in the 

The mould f4)r simple pipes consists same way upon pipes of all sizes.' 
of two pieces of hollow steel, fitting The roll, thus pierced, and still con- 
together very accurately. For oma* | taining the needle, is placed in the 
mental pipes it is of several ]>ieces of mould, and the latter is closed and 
chiselled hnmzft, held t(^etlier in a • put in the press. Then the workman 
steel case. The compressor is of steel, tsike-s lus wmipT-essor and pushes it into 



Fig. m. 


and is mounted upon a liandle, and has the open part of the mould until he 
the internal form of the bowl. The meets with the extremity of the needle 
press is an ordinary vice fixed to the thatenters the bowl. The clay is thus 
edge of the table (^. 236). I compressed and the excess is removed 

When the roll reaches him, the by means of the knife. The moulder 
moulder places his open mould l«fore then removes his tool, opens his press, 
him, and then takit^ a roll, the head and then his mould, t^es out the pipe 
of wKich he places upon a si'edal sup- ' and passes his kntfe over it, so as to 
port, he thrusts his needle into the 1 remove the trac^ of the junction of 
centre of the tail of the roll, and : the two parts of the mould, takes out 
pushes it up to the head, guld^ it the needle, and places his pipe upon a 
with two fingem of the left hand, so as board alongside of him. 
to keep it exactly in the centre. An ‘ The pipes are arranged with care 
inexperienced person who should try to upon these boards, with their stems 
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resting here and there upon small 
sticks or else upon very fine sand. 

When these boards toe full they are ' 
delivered to the finisher, who allows ' 
the pipes to liarden a little before finish¬ 
ing them. The finisher begins by ; 
passing another needle into the stein, l 
theneciapes off the seams, and renntves j 
the lines or scars formed on the stem , 
by the various parts of the mould, and, 
with a copper tool, indents the figures 
tliat are toaj>pear upon the pipe. He 
then arranges the pi])es upon other 


perfect ones in the saggers. These 
latter ^ terra cotta boxes, in whicli 
the pipes are arranged in circular beds, 
the bowls placed downward, and the 
stems uuit(^ above by a defective stem 
in onlcr to j^revent them from getting 
out of place during can*iage. W'hen 
the aaggci*s are full they are carried to 
sjKJcial funiaces, and are su|)erpo8e«l 
iUi in i>ottcry furnaces. 

In large manufactories, the operation 
of 1 taking is the saine'as in jtotteries. 
The furnaces ai-c in batteries of three; 



bowds, and leaves the needle in them 
so as to prevent a-curvatui^ of the 
stem during drying. The boards, 
holding a gross of pipes, are taken to 
the dners, whose temperature is very 
high. 

When the pipes are sufficiently dry, 
workmen polish them with tools analo¬ 
gous to th(»e used hj burnishers, and 
which m^ .manceuvi^ in the same 
way; . 

'^e pqjes are then carried to other 
workmen, ^ho verify them, reject the 
defecUve ones, &fid proceed to put the 


wiiile one of them is being fired another 
is in process of cooling, and the tliird 
is being cbargefl. 

Each furnace bakes about 600 gross 
of pi|)e8 per day. Tlte duration of the 
Itaking vari^ according to the clay, 
but it is at least 5 hours, and some¬ 
times reaches 8-9. 

After the bilking, the furnace is 
allowed to cool for about 24 hours, 
then the saggers are taken out and the 
pipes are removed. The latter are 
j then examined, and those that are weU 
‘ baked are polished anew 






Tobacco Pipks. 


377 


Although the pipe is hniMhe<|, it lias 
yet to undergo auotl>or o|X5ration before 
it can be used, and that in dipping. The 
(ibject of this is to remove the porosity 
of tlie clay, which without this would 
Ktick to the lip. Kor this operation 
the pipes arc takenand <lipi»ed, one by 
one, in a hot Imth of soap watei and 
wax, and then drained and <lried. 

The raanufiwture of the commoti 
pip is at length finished ; hut, l)efore 
fvnig deliverwl to the tnvde, cerhiin 
other ojxjrations are necessarj'; it 
must be lalnjlled, and cerhiin styles 
be wrappd up, and all must Ije 
(tacked. 

The (tacking is <lone in wooden Ixtxes 
filled with struv. Tlie pips are ar¬ 
ranged alongside of e4vch other in llie 
lioxes, and tlio intervals lietweenthem 
are filled with fine stmw. The work¬ 
men mu>t have some exprionee, for, 
if the (tacking is too tight tlie jolting 
that the Isix receives will Ite trans- 
mitte<l to tlie interior and break the 
pips ; and, if it is too loose, the pi()cs 
will strike agiuiist cai'h other and (tieces 
will Ite cUijtpd ofi‘. 

I'liis ojiemtiou must Ik? carefully 
prforiued,as some Iwxes goto America, 
otliers to Australia, South Africa, and 
even to Northern Silteria. 

All the opnitions aliovc descrilted 
arc a|jplietl to tlie wliolly white pip. 
41’ the pi()e is colouml, it necessitates 
^several new operations. After the 
pips liave been baked, tliey arc carried 
to tlie glazing room. The oprators 
in this latter are usually women, each 
of whom has in front of her a series of 
cup containing liquid glazes of various 
colours, and each cup povided with a 
small stick. Kach pipe is taken up by 
tlie^prat(a-, who, with the stick, puts 
a glaae ufKtn it either in the form of 
dota or Ijands. It is in this way, dot 
by dot, that the pipes that are styled 
glazed are finish^. These pips are 
remarkable for the finish tliat they 
exhibit. 

The pipes thus ornamented are ar¬ 
ranged upn plates and put in furnaces 
raised to a high temprature, where 
they undergo a new baking that vitrilies 


the glazing. Then, after being labelled 
and wrapped up, they are packed. 

So much for the manufacture of 
pipes proprly ho called. With such 
! manufacture is incor}>orated an acces¬ 
sory one— that of moulds. The moulds 
i are of steel and of bronze. Moulds for 
plain pips are of steel, and those for 
ornamental pii>e8 are usually of bronze, 
chilled internHlly. If the pip repre¬ 
sents a head or a corapliitated subject, 
this jiart of tlte mould is made in 
several pieces, in order to allow’ of the 
i-omoval of the object. In this case 
the mould is alw'ays complicated, and 
is ma<le with difficulty, for all the 
. (wrte of it have to fit accurately and 
w’ithout leavingany seams on the figure, 
i The workmen who make these 
moulds must know how to sculpture 
very well, and must also possess some 
skill in the reproduction of complicated 
subjects, and know how to divide and 
arrange their moulds. These moulds 
are very costly. Some of them, which 
furnish true w orks of art, liave cost as 
mueluis 120/. (‘ Les Inventions Nou- 
velles.’) 

(o) The clay of which these are made 
is obtained in Dorset and Devonshire, 
in large lumps, which are purified by 
dissolving in water in large pits, where 
the solution is well stirred up, 
which tlie stones and coarse matter 
are depsited ; the clayey solution is 
then poured off into another, where 
it sulisides and depsits the clay. The 
water, when clear, is drawn off, and 
j the clay at the Inttom is left suffi- 
! cieiitly dry for use. Thus prepared, 
j the clay is spread on a board, and 
I lieaten with an iron bar to tempr and 
, mix it; then it is divided into pieces 
of the propr size to form a tobacco 
pipe; each of these pi»^ is rolled 
> under the hand into a long roll, with 
a bulb at one end to form the bowl; 
and in this state they are lud up in 
parcek for a day or two, until they 
become sufficiently dry for pressing, 
which is the next process, and is con¬ 
ducted in the following mannerThe 
roll of clay is put between two iron 
moulds, each of which is impressed 
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with ttie figure of one-half of the pl|je; 
before these are brouglit tt>getW a 
piece of wire of the size of the bore is 
inserted midway between them ; they 
are then forced together in a press by 
means of a screw upon a bench. A 
lever is next depressed, by which a 
tool enters the bulb at the end, and 
compresses it into the form of a bowl; | 
and the wire in tlie pipe is afterwanl ' 
thrust backwards and forwanls to carry ■ 
the tube perfectly through into the 
bowl. The press is now opened by 
turning back the screw, and the mould 
is taken out. A knife is next tlirust 
into a cleft of the mould left for the 
purpose, to cut the end of the lx)wl 
smooth and fiat; the wire is carefully | 
withdrawn, and the pipe is taken out : 
of the mould. The pipes when so far 
completed, are laid by 2 or 3 days, 
properly arranged, to let the air have 
access to all their parts, till they be¬ 
come stitf, when they are dressed with 
scrapers to take off the impressions of 
the joints of the moulds; they are 
af teimrds smoothed and polished with 
a piece of hwd wood. 

The next process b that of iMiking 
or burning ; rad thb b performed in 
a furnace of peculbr construction. It 
b built within a cylinder of brickwork, 
having a dome at top, and a chimney 
rising from it to a considerable height, 
to promote the draught. Within thb 
b a lining of fire-brick, havii^ a fire* 
{fiace at the bottom of it. The pot 
which contains the pipes b formed of 
broken pieces of pipes cemented to¬ 
gether by fresh cl|y, and hardened by 
burning ; it has a number of vertical 
flues surrounding it, conducing the 
flame from the fire^p^te into the dome, 
and through a hole in the dome up to 
the chimney. Within the pot several 
|xnjectiDg rings are made; and upon 
these the bowls of the pipes are sup¬ 
ported, the ends resting upon circulra 
meoes of pottery, which stand on small 
loole rising up in the centre. 
By thk mangement a small pot or 
cmcifale be made to contain 50 
gross of pipes without the risk of 
dynagitg any of them. The pijjes. 


are put|iiito tlie pot at one side, when 
the crucible b open; but when filled, 
thb orifice b made up with broken 
pipes and fresh clay. At first the fire 
b but gentle, but it b inermsed by 
d^rees to the proper temperature, and 
so continued for 7-8 hours, when it b 
damped, and suffered to cool gradu¬ 
ally ; and when cold, the pipes are 
taken out ready for sale. 

Briar-root.—(a)* The followii^ 
note on the so-called briar-r(M)t pipes b 
fri»m a report on the trade and commerce 
of L^horn: Selected roots of the Heath 
(Erica arbortu) — preference being 
given to the male variety—are collected 
on the hills of the Maremma, where 
the plant grows luxuriantly and attains 
a great sbe. When brought to the 
factory, the roots are clear^ of earth, 
and any decayed parts are cut away. 
They are then shaped into blocks of 
various dimenrions with a circular saw 
set in motion by a small steam-eig^e. 
Great dexterity b necessary at thb 
stage in cutting the wood to the 
advantage, and it is only after a long 
appreuticesliip that a workman b thor- 
ouglily efficient. The blocks are then 
pla^ in a vat, and subjected to a 
gentle simmering for a space of 12 
hours. During thb process they ac¬ 
quire the rich yellowish-brown hue for 
which the best pipes are noted, and 
are then in a eolation to receive the 
final turning and boring, but thb b 
not done here. The rough blocks are 
packed in sacks containing 40 to 100 
dozen each, and sent abroad, principally 
to France (St. Cloud), where they rae 
finbbed into tiie famous Q. B. D., or 
“ Pipes de Bruy^re,” known to 
smokers in Ei^bnd under the namt 
of “Briar-root papes.” (‘Churd« 
Chron.') 

(6) The root of the “ Briar Ivf** b 
the substance most generally HacA is 
America for pipe making, it bedsg 
selected for the pur{> 0 Be on account tf 
durability, hardness, and the bright 
polbh which it b capable of taUSg. 
It b found throughout the Southena 
States generally-^the l^t qualitice 
growing in yiigiiua-<>and b sent to the 
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foarket in large pieces which vary in 
suse from that of a niauH fiilt to the 
(limen^onH of a good sized keg. 

The above information was im))arted 
to us by one of the manufacturers of 
pistes in the city, wliilc wending our 
way from liis office to tlie cellar under* 
ueath the factory, where the nmgh 
briar-root was stored. As we enteretl 
the last inentionetl apartment, we 
noticed, heaped agaiiiKt the walls, the 
odd sliaped jiieces of tlie wood. S«)inc 
luui just been received, for a workman 
was busily engaged in throwing them 
into an oven wdiich, healed by steam 
pifws, served to dry out all sap and S 
•moisture the wo<xl might contain. In | 
tlie middle of the <*ellar a circular saw j 
was in motion, cutting the dry pieces ; 
into slices about 2 in. thick, which as ' 
soon as finished were received by boys 
and pile<l in regular hea{)s. From this 
umlerground ujiartment, the slabs are 
sent to a drying room on one of the 
upper floors, where they are kept 
heated at a nuHlerate temperature h>r 
6 months, during which time the wood 
becomes thoroughly seasoned. 

Following our guide, we next entered 
the worksiiof), and were at length 
liefure a workman w'ho, sitting on a 
bench in which revolved a circuit saw, 
had at his side a pile of the slal» which 
we had alreadyseeu cut, down in the 
cellar. Taking one piece at a time, he 
pressed it agiiinst tlie blade, and in a 
few seconds it was divided into several 
smalls blocks of the shape of Fig. 237. 



Fiq. 237. 


The blocks vary indimeuBions accord- 
iT^; to the size of pipe to be ir^de. 
Very little of the wood is wasted, the 
odd pieces being all worked up into 
stems or small pipes. 


The blocks as soon as cut are passed 
over to the turners. Standing beside 
one of the workmen, we watched him 
as he platted the piece in the lathe 
chuck. A pressure of the liorii^ tool, 
and the interior of the bowl of the 
pi))e aas excavated, then a part of the 
exterior was turned ; and finally the 
l»lock was reversed, and, in a few 
nwolutions, the end for the stem com- 
plcttnl. Tlie entire ojieratiou did not 
oexjupy more tlian 10 seconds, the 
pi])e, when thrown to one side, appear¬ 
ing as in Fig. 238. Still it was far 



from finished. It Ivwl to be carved 
into shafie, and, to witness the process, 
we were conducteil to another part of 
the room where the filers were at work. 
Each operative had before him a re¬ 
volving disc, one side and the edges of 
wliich were cut coaree or fine, like files. 
Tills instrument removes the wood in 
either large or small quantities as may 
be desired. If the pipe is to be orna¬ 
mented, the finer files are used to cut 
away minute portions. The workmen 
are all well skilled, and reproduce 
apparently intricate deigns with won¬ 
derful accuracy. • Tlie most delicate 
work, such as fac^, flowers, etc., are 
cut by hand. » 

After the caning is completed and 
a hole is drilled for the stem, the pipe 
is thoroughly sandpapered ly holdi^ 
it ^inst a revolving wheel covered 
witli that material. This done, it Is 
passed to the burnisher, where a bril- 
hant polish is given to the wood ly 
allowing it to rest ag^nst a rotary disc 
made of layers of cliamois leather. 

We next passed 'to the finishing 
|t)oin, where, seated at long tables, 
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we found a number of workmen eii- [ meerschaum. IWipitAtes are pre¬ 
gaged in fastening to the pipes the | piredby^neuiis of a solution of soluble 
metal to^ and covers, together with > glass: (^r) of silicate of magnesia, by 
the small bits of chain aiid bands precipitating it tluough a solution of 
which hold the stems and mouthpieces ' sulphate of magnesia ; {b) of silicate 
in place. The latter are manufactured of alumina, by precipitating through 
from the tijw of horns wliieh are a solution of alum; (r) of silicate of 
bought from the comb makers for the lime, by {irecipitating tlirough a solu- 
purpose. Th^ tips are turned to tion of chloride of •caleium. All these 
the shape desired, holes are drilled solutions are diluted, 1 f)art salt being 
through their length, and then they ' used for 10 i«*rts water. In order to 
are bent into shape by the action of ^ pret:ipitate the solutions* the operation 
heat, and ftnally coloured black by a . is performed at 20‘^C., except hi the 
dye. \ATien completed, they are | case of the silicate of alumina, for which 
curied to the finishing nwm and | tlie solutions have a temperature of 
there attached to the pipes. Notliing alioui 50” C. (d) A solution of fused 
further remains to be done but to chloride of calcium (1 part to 10 of 
pack the finished pipes in boxes, label water) is precipitated at 15®-‘20® C. by 
and mark them, -and they are ready asolution of sulphateof soda(l to 10). 
for the market. (‘Scient. Amer.’) The precipitate of sulphate of lime is 
Charcoal.—The use of charcoal in first dried, and then freed of the 
the preparation of pipe heads, a long larger part of the water that it may 
time practised, has lately experienced contain, by coinpreshing it, and ex- 
many improvements, so tiiat now posing it upon hurdles in a stove, 
pipes are pixsluced remarkable for a Finally, it is totally dehy<lrated by 
deep black, lustrous appearance, and heating it in a very dean inm kettle, 
of veiy' great durability. The mate- The sulpltatc of lime thus prepared is 
rial consists of a mixture of 2 parts in tlie form of a very fine and very 
best charcoal black and 1 jiart best white powder. It is carefully pre¬ 
black peaty earth, ground so finely sen’ed in boxes tliat are kept in a per- 
that, when rubbed between the fingers fectly dry place, 
no trace of granules is perceptible. Into 33 lb. of water at 40” C. Are 
2 parts of this mixture are then united put Id lb. of precipitate tf in 20 suc- 
with 1 part of an equally well pulver- ccssive and nearly equal portioiis. 
ised r^duum of distilled canuel coal, The mixing should be done with much 
containing still a portion of its bitu- care and with rapid stirring. There 
men, and the whole rubbed together are afterwards added to the mixture 
thoroughly till all the three ingr^ients ! the following substances, weired in 
are uniformly combined. The mixture . advance: 7| lb. of precipitate a; 
is tWn plac^ in iron boxes, in which 1 3^^ lb. of precipitate b ; f>J lb. of 
are sunken moulds corresponding to ! precipitate c. All these precipitate 
tile pipe heads, and while the boxes ; should be mixed with water, and then 
are then heated to the boiling point i the mass, which is in tlie form of a 
of water, stamps with rough suriace ! thin ImiifU, ia immediately introduced 
are forc^ under hydraulic pressure into a vessel through a No. 20 brass 
into the openings of the heads, so that sieve, and thence into wooden boxes 
this process, united with the increased that rest upon large slabs of plaster 
temperature, not only comUnes the i covered with canvas, and about 4 in. 
carlionaceouB mass into compact pipe thick. In about 15-26 minutes the 
heads, but ^so produces a smooth mass may be detached from t^e sides 
exterior, tod at the same time a rough of the frame by means of a blunt blade 
inner surface. of brass, and the frame may be re* 

Keartohft'Uffl.r-Tto follow]^ is moved. The mass is left uron the 
a new (^ocess for preparing utificial slabs of plaster until it u sumrientiy 
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dry to be sawed into small flocks of 
various dimensions, according to re- 
((uirements. These blocks are more 
tlioroi^hly dried upon hurdles in a 
stove. Then they are worketl with a 
knife or in a lathe, and are waxed and 
|K)lished as in the <»se of objects made 
of genuine meerscliauni. It sliuuld 
lie remarked tliat, on introducing the 
hot mixture into the frame, wre should 
be taken n<»t ^f> inii'oduce air bubbles 
at the same time. Varying propor¬ 
tions of precipitates a, A, c, may be 
used. The larger llic proportion, the 
liarder and heavier will lie the final 
mass. 

Hookah.—Fig. 239 shows a hookah 
complete. A, a special meerscliaum 
bowl; I>, a turned piece of wood to 



fit bowl, and left long enough to go 
into cork ; C, a good, sound, tight- 
fitting cork; T, a glass tube about 
^-in. diameter, fitted into bottom of 
T), and of such a lei^h as to be about 
li in. above bottom of water-bottle, 
vase, etc., G; T, a small piece of tube 
^lass) i-in. diameter, put tliro^;)! 
cork, and projecting about ) in. under 
cork; S, the “ snake ” or tube (rubber 
in. diameter) attached to T ; B, 


the mouthpiece. Water in bottle 
should always be about 3 in; below 
end of tube T; and sliould be renewed 
frequently as it soon gets discolotu^. 
Fig. 241 is a section of Fig. 239. Fig. 
240 shows pillar P adapted to an 
ordinary pipe, the mouthpiece being 
unscreweil, the l)Owl may be screwed 
on to face of pillar, instead of inserting 
whole stem of pipe, as sketched. Fig. 
242 shows the hookah, as commonly 
used in India. A, burnt clay bowl; 



shell; B, bamboo mouthpiece. Water, 
of course, below entrance to mouth- 
{nece. The letters refer to same parts 
in all the sketches, If w gets into 
vessel, and smoke does not come 
through tube in sufficient quantity, 
the top of the cork must be varnished, 
or have a coat of rubber varnish. 
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Tools, 

HANDY, AND VARIOUS USKf'UL 
RKC’KIPTS FOR CARE AND 
PRESERVATION OF 
TOOLS. 

A Handy Punch.—Fig. 21.1 is a 
punch for punching lioles, hot or cold. 
Tlie drawing will explain itself. By 
making different sizes of dice and 
punches the same tool will *mnch as 
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many sizes as you like. A is the die 
shown sectionally at C, to fit in hole 
D. 6 goes in the hole in the anvil. 
(‘American Blacksmith and Wheel* 
wright.’) 



F%. 244 is a sketch of a little device 
fer punpHug sheet metal by hand. 


Though it beau old device, yet it may 
be as useful to others as it has been to 
me, for, liaving no punching machine, 
either hand or power, I found myself 
confronted with a vast array of un¬ 
created holes in a sheet-in)!! job. It 
looked like a case of drilling them or 
refusing the onler. Neither of these 
alternatives appealed to iny taste, so 
I doubled over a bit of steel, drille<I a 
free hole tlmmglr and through the 
ends, and iny slieet-inetal troubles 
were over. This t(K>l is ludicrous in 
its simplicity and surely must be an 
old idea; but I have never seen it 
in use, and 1 offer it to those of 
my brethren who, like myself, have 
struggled long in the need of it. 
(Maurice U. Williams, in the ‘ Ameri¬ 
can Macluuist.’) 

Clippers for Cutting Bolts 
and Bod Metal.—These tools very 
readily clip or out rod metal, only 
rc({uiring the streiigllr one man can 
oat^y exert, to effect this. They are 
found of great use in many workshops. 

Fig. 247 is made as follows:—To 
make tlie blade take a pi^ of tool 
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steel, I by 11, and forge as shown in 
sketch. For handles use by |; 
common iron will do. Put ^ inch 
hole in the blade, and use a steel bolt 
or rivet. Temi»er it and draw it to s' 
blue. Use care in temporing the 
blade as only the cutting edge must be» 
tempered. Hiis size'is suitable for 
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^inch bolte and under. We have 
used two ]>air8 of these clipperA in the 
factory w!»ere I work for over a year, 
and they have given excellent satisfac* 
tion. j 

Fig. 246 is swd to have been in ' 
regular use in a shop for 12 yeare, 
and cuts bolts uj> to | inch. The 
liandies are 62 inches long. Init for the 
heaviest work 36 inches is l)ettcr. 

Fig. 245, although resembling Fig. 
246, works on a^different principle, as 
vrill be seen. Take a piece of steel 


when properly made. (‘ American 
Blacksmith and Wh6elwr^ht.') 

Div idine the Width of a Board 
into Equw Parts.— What is pro- 
Iftbly the best method of doing this, 
even when the board is to be divided 
into two equal widths only, is that 
illustrated in Fig. 248. It matters 
not wliat the width of the lx>ard may 
le, the method always applies. Lay 
the rule across the l>oar(l diagon^ly, 
letting the ends come exactly at the 
edges of the board as shown. If the 
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1} inch wide, g inch thick, 4 inch long i 
and draw out as at A in the cut. Prill 
a hole, B, in the end, and another one 
2J inches from the other end, as at C. 
Make two cross pieces, P, 6| inch 
thick, by 1 inch wide, with a hole in 
each end, and a A inch hole in the 
centre for oil. Make a small roller 
g inch in diameter, and make a half- 
circular recess in each jaw as at E in 
the illustration. Half of the roller 
will then be in each law. Use g inch 
bolts in all joints, ^lis bolt clipper 
will cut from g inch tq | inch bolls 


board is to be dividetl into two widths 
then a mark against the 6 inch mark 
on the rule, as at A, will do it. For 
three ports the mark would be against 
4 inches and 8 inches on the rule, 
B B in the illustration, wliile fw four 
parts it would be at 3 inches, 6 inches, 
and 9* inches on the rule, OCC on the 
drawing. With the rule as shown 
the ^visions can also be sixths, 
twelfths, twenty-fourths, etc. For 
j division into five, seven or nine j«rt8, 

I open the rule and place it to the 12g 
i inch, * 14 indi, and IH inch marks 
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respectively, when the divisions will be 
at the 2^ inch, 5 inch, etc. marks in 
the first case ; at the 2 inch, 4 inch, 
etc., in the second ; and at the inch 
3 inch, etc. in the third case. 



Hy this methfxl it is easy to etjually 
divide any board, no matter what the 
width is, into any number of parts, 
without the trouble of nmking exact 
calculations, or any waste of material. 

drilling Square HoIe8.*~Sup- 
pose we want to drill | inch square 
hole in any job. First take a piece of 
sheet steel of any convenient me and 
about J inch thick. Near the centre 
thereof drill a round hole small enough 
to be squared to ^ in. File this out 
square, then harden and temper the 
template, which serves as a former to 
drill from, as represented in Fig. 249 
of the annexe*! sketches. Fasten this 
piece on the job to be done by solder¬ 
ing, or any other convenient method, 
then cut \^ith a twist drill a | inch 
t}ux>ugh the same or to the depth re- 
uired. Next take a piece of \ inch 
-square steel of any convenient 
len^h, haiden and temper one end of 
it, and put a centre in the other. 
Grind the hardened end as fiat and 
square as pcMsible, and give each side 
a little* clearance, as represented in 
Fig. 250. Tiie clearance lias been 
purposely exa^enUed in the <!t‘awiiig 
in order to show it more clearly. A, 


B, and (Fig. 250) indicate the cut- 
tii^ edges of the tool. If the job is 
to be executed in a lathe, put a dog on 
the 3-squarc drill, and hold it in the 
usual way between the toilstock centre 
and the work, exerting a slight pres¬ 
sure backwards so as to keep it in the 
centre ; then with the tailstock hand- 
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wheel feed forward, as with an ordi¬ 
nary drill, but steadier. 

The resulting action of the S-square 
drill witliin the square former plate, 
whilst it is rotating, is as follows:— 
The comers of the drill go into those 
of the former alternately, thus clearing 
out the right angles in the hole. If 
we allow ^ inch clearance between 
the square former and the job, it is 
better for the *bs(]uare drill, as the 
former does not take the sliarj) comers 
off the same where it is being used. 

The writer lias used this method, 
and lias even drilled square holes 
small enough for watch keys, the 
mjuare former in this case being only 
aiwut ’02 inch thick. It is necessarj’ 
that the length of (»ch side of tlie 3- 
square drill should always be the same 
as that of the side of the square to 
be drilled. (‘American Machinist.’) 

(/;) To drill a square hole, the 
tool itself is the usual form of three- 
sejuare drill, shown in Fig. 251; so 
that it will be seen tliat no spcxsml 
apijaratus at all is required. Clamp 
or chuck this drill in its holder so 
tliat it vriU and you have the 

whole secret. Instead of making a 
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round hole, as it undoubtedly will if 
tightly graBj)ed, when loosely »held it 
produces a 8c{uare one. The tool 
mark, enlarged, is represented in Fig. 
2f)2. Evidently, the boundaries of 
the figure inclosed in the square are 
arcs of circles, having for their centres 
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tlie corners. To see how this is pro¬ 
duced, make a cardhoarfl model repre¬ 
senting a section of the drill, as shown i 
in Fig. 2.53. Of course, it can be 
made of any size, bearing in mind 
that the j>oints A, B, and 0 arc e<iui- 
distant. Now draw a square having 
sides e(iual to the distance between 
two pennts of the drill, as A 0. Place 
the model upon tliis square, as shown 
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in Fig. 254. Thei>ointB A and C will 
plainly enter corresponding corners 
of the square, but there will l)e a space 
between the point B and the side D E. 
Now, retmning the point A in its 
comer, swing the model to the left, 
so that the point B will enter comer 
B (dotted-line arc). The point C 
will tiien pass to F, and the centre of 
the model 0 to H. The points A 
and B of the model then coirespond 
with A and D of the square. Swing 
the model £^n, so that the points 
BC of the drill go to comers DE, 


and then lastly so that points CA go 
to EC. The next move will bring 
the model back to its first position, 
and it will have made an entire revo¬ 
lution. Now if wo have marked the 
an^ described by the points, the out¬ 
line of a figure similar to that repre¬ 
sented in Fig. 252 will be found, and 
it will be clear that this nmy approxi¬ 
mate closely to the square. The 
material in the re-entering angles on 
<hc sides of the figuie is probably cut 
away by abrasion of the cliips, after 
the drill lias penetrated a short dis¬ 
tance. The amount of “wobble” to 
give to the drill is measured by the 
distance of |Hjiut B, Fig. 254, from 
side 1) E. 

It will be seen that this principle 
can lie extended considerably further ; 
as, for example, to the boring of an 
hext^onal hole by a five-pointed or 
1 varied drill. This is easily tried with a 
I cardboard model {Fig. 255). Begin, for 


r 



example, by swinging the side AB on A 
as a centre, to A F. The distance B F 
represents the “wobble.” Then, from 
this new (Msition awing the point C a 
distance equal to B F; from this point 
1), and so on around the pentagon. 
The figure described by the sides will 
be found to be a hexagon. It is im¬ 
material, the inventor says, whether 
the drill wobbles in the work, or the 
work under the drill. (‘Sdentafic 
American.') 

Extemporised Pipe-Wrench, 

It may not be generally known that 
an iron pipe, a round pipe, can be held 
or turned by an ordinary adjustable 
nut-spanner or wrench, if a file is 
2 0 
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inserted between the lower jaw and 
the pipe, as Fig. 256 shows. Any file 
will do, even a round one; in fact, a 
round one is best as tending to roll 
inwwds and jam %ht, when the 
strain comes, tt is not intended to 



convey that this method should always 
be employed, for it is only a workshop 
wrinkle, useful to know when a proper 
pipe-wrench is not available. 

, Handy Foot-Vice.—(a) The 
illustration. Fig. 257, shows a useful 
foot-vice, and which is easy to m^e. 



Fig. 267. 


The main |Meoe can be made with 

r ves of different sizes in its head 
swaging caulks. Two legs are 
bolted bn as ^own, about a foot from 
the top. The treadle and other jaw 
are joined up as ^own. 


(5) Fig- 268 is a handy foot-vice 
which can be made as follows : Take 
an old light axle, cut off the spindles, 
stove up one end a bit, and fiatten to 
I by 2, which is plenty wide enough. 
1 made one 3 in., but afterwards cut 
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it down. Bend as shown in cut. 
Jump on lug same size of iron used ; 
let extend out in.; drill in. 
hole in same. Measure distance from 
top of mivil to floor and bend, allowing 
about U in* fnr pl»y between vice and 
floor. Cut off 14 in. from where your 
bend comiM, and fiatten before you 
make it; it will be easier to handle 
in the tending. Bend the foot so 
your toe will hold vice in place, 
with heel on the floor. No of 
much pressure. Ail tliat is required 
is to keep the shoe from getting away, 
while you do the rest. 

For hanger I use by | double, 
and weld, leaving end open to receive 
I the lug (as shown at B). You 
I attach the hanger to anvil block with 
! two lag screws, § in. by 3 in. You 
can hang this vice so it will free itself 
at just the proper distance from an^ 
without spring. If you can, 
tends, and hang as shown at A is 
illustration. Bend hanger so it udE 
put vice where you want it. 
advanta^ this vice has ovtf ottece yi 
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a solid foundation, which you* cannot 
have with any other (no moving from 
one to the other). You can give caulks 
any sbnt you prefer. Remove bolt, 
and set away when not in use. 

(c) Fig. 259 is a foot-vice for sharpen¬ 
ing shoes. I liave used it for more 
thw ten years, and like it liecause 
tliere is inoR* room between the anvil 
to hohl the shoe to sliarT)en the heels 
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if desired. 1 also make a swivel jaw, 
and use a spring to keep it open. I 
put a yoke over the peg to keep it in 
the hole in the anvil. (‘American 
Blacksmith and Wheelwright. ’) 
Keepine Engineers’ Screw 
Taps in Order.— In an engmeers’ 
shop a tap is an indispensable tool, and, 
in 4ct, it is almost impossible to con- 
Htruot any raeclianical appliance with¬ 
out the tap being used. Tlie follow¬ 
ing hints on the proper care and use 
of the tap may not ^ amiss, as it is 
not ^ways, save in the laiger shops, 
that there is a tool department in 
which all small hand tools are stored 
and kept in order by a tool fitter. In 
a shop in which there is a toolroom, 
the fitter or machinist only requires to 
ask the size of the taps.he wmits when 
he will get a set of three tape, and, if 
necessary, a drill the standard taping 
size, all being in good condition and 


ready for use. But in a small shop, 
where a toolroom is too expensive, and 
where the tools are kept in the store, 
a very different state of a&irs prevails 
unless the storeman has some practical 
knowledge and takes an interest in the 
tools, and he has often plenty of other 
work besides tliis, so they are apt to 
get very little attention, and in time 
with wear and rough usage they are 
i almost unfit for use. They may not 
! be broken; hut the cutting edge of the 
bottom threads may Ite so worn and 
i chipped as to make it an impossibility 
to cut a thread witli them. When you 
get a tap in tliis condition it is better 
to grind it up, grinding away all the 
worn portion and keeping the end of 
Up square; then tapering the end 
threads as they were at first, care 
being taken to grind more off tlie back 
than the cutting edge, otherwise the 
tap will not cut. About A inch is 
cnougli clearance; if more tlian tl. j is 
given it is apt to wobble about when 
stewting, and there is also the danger 
when tapping tough meUl of the cut¬ 
tings getting behind the tap when 
backing out, and jamming it. This 
applies to tlie intermediate tap, the 
tapered tap being but little used Where 
the hole is not clear through the metal. 
The plug tap, when the bottom tlireads 
are woni or broken, should be ground 
square on end till the bad part is re¬ 
moved, then the bottom edge bevelled 
to an angle of 45*^. The Up vdll cut 
easier when ground in this way, as all 
the cutting is not being done by one 
edge; there is also less risk of breaking 
the thread. Of course this will not 
Up to the very bottom of a hole; but 
it is seldom tliat a hole is Upp^ to 
tlie bottom, and when it is done we 
often find that the bottom thread of 
the Up lias been left ^ere. It is 
much easier sUrting a Up in a hole if 
the edge of the hole 1:^ been left 
sharp, and not slightly counteraunk, as 
is sometimes done to prevent the top 
thread bang raised above the surface 
when a stud is screwed iu. This can 
be done as easily with a chisel or a drill 
^ter the hole is Upped. Oil should. 

2 0 2 
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Tools : Making a Small Anvil. 

not be put on the tap till it has a good | end oi it; end also weld down the 
hold of tlie metal, as there is less fric> I scarfs well at BB with the fuller, 
tion with the oil, and more force has ] Next forge to shape and draw out as 
to 1)6 exerted to start the tap. A ! per dotted lines C C. Tliat done, cut 
common device for keeping the tap off your bar of iron at D and fuller in 
square when tapping is to run a feced recess as at E. Then turn up the 
nut on the hip, au(i when the tap is 
started to run the nut down to the sur¬ 
face, when it will at once l>e seen 
whether the tap is square, and holding 
the nut in position w'hen the tap is 
««]uare, and running the tap through it. 

Tliis is only neces.^a^y at first, as, after 
some j)ractice, the nut need only be 
tried down for two limes to test the 
squareness of the tap. Wheu tapping 
a tough mjiterial, sucIj as wi-ought iron 
and mild steel, it is much easier done if 
the tap is giveii a half-turn hick ever}’ ends in direction of JU•n*w^ at (10, and 
three or four turn.s. This cases the dresn up hwe to profier slia|)e. Dress 
tap, and breaks the chips, which are | u]) hice and horn, and drill or punch 
apt to curl up and jam tlie tap. Tliis your holes and temper, 
does not apply to the tapping of nuts | H (Fig. 260) is a base for sliding anvil 
on a machine, as the tap used for this into. When doing light forging on it, 
is tapered all its length and takes hut the shank X tits into large hole in big 
a light cut, and is not like an inter- anvil, or to fasten iu the vice or in any 
mediate tap doing all the cutting witli block of wood. The lower illustration 
two or three tlireads. AMien a nut is shows the anvil in base. Such a tool 
tight for a stud, a piece of tin run can be used daily. I often wonder 
t^ugh the nu ^ with the tap will make how I kept shop without it. Besides 
it easier. (‘ English Mechanic. ’) using it fcfr welding very small ferrules 

Uaklng a Small AnTil.~The mid standing it on the forge 12 inches 
sketch, Fig. 260, shows how to make a from the fire to weld very l^hl^ iron 
wnall anvil. Take a piece of cast steel on, I use it for backing up nuts tliat I 

want to split off the l>olts, to back up 
rivets on a buggy top, or in a waggon 
box and variousother tilings toonumer- 
ous to mention. But the most use I 
have found for it is during harvest time, 
to repair reaper knives. 1 lay my sickle 
on a i>lock at one end, and on tliis small 
anvil at the other, and punch out the 
old rivets and put on new knives and 
rivets much handier and in less time 
than any other way I liave ever tried. 

Fic. 260 . (‘American Blacksmith and Wheel¬ 

wright. ') 

2 inches by 6 inches, then take a bar A Shop-made Tap to Out a 
of iron 2 inches sc^uare and U]Met and ; Left-hand Thread.—It frequently 
scarf ti) shape as at A A, h'ig. 261. I happens that a smith lias to cut a left 
Me^e a ^K>d heat ou Inith steel and ' hand tlu’ead when he lias not any 
iron and put togetlier as at BB. I^y 1 proper tap to <lo the work. The ^ 
steel ou the anvil and Itold iron on top I lowing is a simple method of making 
•of itf and let tlie helper strike on the ' one ttiat will answer all purposes 






389 


Tools : A Simple Hydraulic Press. 


Forge a piecii of steel out to three-1 piece, which is boretl at the top as 
cornered shape of tlie right sisse for shown in the drawing, to receive the 

the hole to \te tapped. An old platen C, at the bottom where the 

three-cornered file, softened, may be | ram B fits, and faced oft* on the upper 
use<l. Then take a piece of linen I surface of the oi}enings for the platen 

threail ami wind around it in a left- j C to form a seat, as showm in vertical 

handed ilirection, having the turns the j section. The plate on U>p of the up- 
same flitch as the thread tlial is to • light is simply to hold the platen in 
lye cut. Now lake three- 
cornered file and cut out 
threads in the corners of the 
taf), lieing guiiT(Ml by tlie 
linen thr«uls as to tlie f)rr>per 
jilace to file, after which 
temfier in the following 
manner-—Heat steel in a 
chaiXHWil fire to a cherry red, 
then dip fierpendicularly in 
clean water that has the 
chill taken off it; brighten 
tap along tlie sides, and 
then lower as follows: A 
piece of tulie about half the 
lengtii of the tap and about 
twice or three times its dia¬ 
meter, having its thickness 
alxiut the same as the dia¬ 
meter of tlie tap, should lie 
boated to an even cherr}'- 
red ; take the taf) in a fiair 
of tongs whose jaws have 
been warmed and fxws it 
back and forth (revolving 
it) through the tube until a 
brown colour appears. Then 
quench it in w-arm water. 

Should either end of the tap 
lower too rapidly, cool it by 
a slight application of oil. 

C American Blacksmith and 
Wheelwr^bt. ’) 

A Simple Hydraulic 
PreM. —^'riie four illustra¬ 
tions here ‘^ven, J^’igs. 2(52, 

263, 264, and 265, afford 
particulars of a hydraulic firess which j place when preiwure is removeil from 
seems to liuve been reduced to its ' it. Tlio stem on the lower part of 
simplest oleinents. The firess firoper ' the ram is turned to fit tlie borod seat 
consists of three principal fiarts only— ; in the frame by means of which the 
theframeA,ramB,andtheplatenC; ■ ram is accurately guided, and the 
the usual rods with nuts, washers, etc., i drawing therefore shows absolutely 
being dispensed with in favour of a , all there is of the press, it be^ 
construction which makes the base, t adapted for use in connection with 
the uprights, and the top of a single { any suitable force-pump. It is appar* 
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ent, of course, that this construction 
secures great rigidity, and we under¬ 
stand the press is us^ particularly for 
bobbing dies used in jewellery manu¬ 
facture, and for similar purposes where 
a hardened hob is by great pressure 
simply pressed into the die cold to 
form the impression. (‘ American 
Machinist. ’) 

Soft Hammers.—Thereisscarcely 
anything about a maclunc-shop that 
ims such a wide use as the soft liam- 
mer, and yet it is surprising to note 
the crudeness of these hammers in 
some shops. No one hammer could 
be recommended as the ideal hammer 
for all shops, for the reason that the 
class of work varies. A piece of lead 
held in the liand would be sufficient 
to drive anything up into place in 
some shops, wliile in the erection of 
heavy inacbinery it is necessary to hit 
a blow BO heavy tliat a lai^e chunk of 
lead at the end of a long handle would 
be insufficient to move it. We are, 
therefore, obliged to hold the hammer 
against the work and bum}> it into 
place by the use of a battering-ram. 
Three grades of hammers will usually 
cover everything, from the lightest to 
the heaviest work. Hammers for 
light work are made of Babbitt metal 
. atout 6 in. in length, and are cylin- 
dricfd when cast. After a short usage, 
the ends become battered up. This 
style of hammer is most satisfactory 
when made in three sizes, the smallest 
being 1} in. in diameter, the next one 
If in., and the laigest 3 in. in dia¬ 
meter. They are all the same length, 
about 6 in. or so being the convenient 
size. 

When these hammers become bat¬ 
tered up they are melted and r^^ast in 
a cast-iron mould, Fig. 266. A, B, 
and 0 are the cylindri^ openings for 
the different sizes. The mould is set 
down on a board which is covered 
with clay, and each one of the recesses 
is filled up with molten Babbitt. As 
soon as’the metal sets, the mould is 
opened, and is then ready for another 
set of castings.. ’ Tliere is, perhaps no 
hammor tliat vi more convenient for 


light work, such as sewii^; machines, 
I etc., than the smallest of these sizes. 

I On heavier work we are enabled to 
strike a blow of sufficient force with 



the largest one of these sizes. If we 
were to put a handle on the Immmer, 
w'e would lie able to strike a much 
harder blow; thus we fiiul in some 
factories the lead hammers shown in 
Fig. 267. The handle is ma<le of hard 
w^. They are cut 

off in laige quanti- ] _ 

ties from straight 
sticks wliich have 
been shaped up at 
the planing mill. 

A mould is arranged 
to receive this 
wooden handle, and 
then the Babbitt is 
poured around it. 

These liammers are 
usually made ui one Kw 26 ?. 
size. Tlie handle 
being made of wood, one is able to 
get a very good hold with greasy 
hands! After the hammers have be¬ 
come battered up, they are thrown 
into a pot and the Babbitt is melted 
off. The handles being cheap, are 
thrown away and new ones are uaad 
in their place. 

For very heavy work the hammer, 
Fig. 268, is very convenienii 
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Tools : Water-Tuyere. 


handle is made of ^*m. round iron, 
and ia about 2 ft. long. A lAould is 
arranged to receive tl^ handle, and 
into it the Babbitt ia poured. With 
this hammer one can strike a -heavy 
l>low, and, in addition to this, one can I 
place this lianiiuer against a heavy 
piece of work and bump a battering- 
rani up ^inst it. This is nut true 
of tlie other two classes of liamiiiers 
just spoken of. The iiamuier in Fig. 
207, for instance, will crush very 
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quickly when subjected to this treat¬ 
ment. These hammers, Fig. 268, Iasi 
a long while, and wlien they become 
battered they are used in connection 
with the ram, as already stated. 
These hammers can l>e pounded down 
so us to form a flat cake 5 in. in dia¬ 
meter, and are still satisfactoiy for 
this class of work. The liammers ai-e j 
thrown into the Babbitt ladle, and j 
when the Babbitt is melted out the ! 
handles are used over again for new ' 
hammem. (* American Machmisl. ’) 

A XTseful Tool for Cutting 
Half-round Grooves in Woo^ 
Fifr. 26& shows tliis tool, which can be 
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home-made. It is simply a wooden 
hwdle on the end of which is a piece 
of huBS tube C, secured by the pin D. 
The handle should have a round^club 
end, as the tool is pushed with the 


hand, no mallet being required. The 
rings marked at B is where the left 
hand holds the tool, the forefinger of 
this hand being used as a guide on the - 
edge of the work. An edge at the 
opening of the tube A is given by filing 
the brass tube inside, not outside. It 
will be found tliat little skill is required 
in the use of tliis tool, and the results 
will be superior to a carver’s gouge. 
In cutting an oil channel on a machine 
I bed pattern the corners can be mitred 
if the end of the tube C is cut at an 
angle as shown by dotted line. 

Pixing a Water-Tuyere or 
Tue-Iron.—A smith, once he has 
used a water-tuyere, is seldom after¬ 
wards satisfied witli the <lry back style 
to his forge fire. The water tuyere 
has a section as shown in Fig. 270, it 
much resembling a large hollow sugar- 
loaf, with a tvi}x running tlirough its 
length. Between the tube and the 
, outer case is a water space as indicated. 
It is not possible to bive the space 
sealed and steam tight, for, in this 
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state, it would soon explode when 
heateid; nor is a simple steam pipe 
sufliicient, as with only this the tuyere 
would soon be boiled empty and dry. 
It has therefore to be connected up to 
a cistern or tank by a pair of oircu- 
lating jnpes, like a range boiler, andif 
the tank is of fair size the water will 
not reach boiling point, and the Iom 
by evaporation be very small. It 
m&y be considered that tihe tank should 
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hold 20 gal., for best results, and the 
circulating pipes should lie as low in it 
as possible, for when the water in the 
tank gets below either pipe there will 
be no circulation. The circulating 
pipra may be | in. or 1 in., but not 
less than | in. In the sketch (Fig. 270), 
is shown an alternative way of running 
the 0OW pipe from tuyere to tank, but 
whichever way may be adopted this 
pipe should be connected to the highe.st 
po.s8ible point of the tuyere. Fig. 271 
shows the tuyere in position. It may 
be fixed with or without a cast-iron 
breast (at the nose or front of it), 
though it is always best to use one. 

If used without a breast the tuyere 
should be fixed in the forge face with 
fire-bricks liedded in fi^-clay, and 
should stand al>out 3 in. out on the 
hearth side. If the ordinary water 
supply is hard water, with lime in 
solution, it will be found best to use 
rain or clean pond water for filling the 
tanks. 

Marking Tools.—A correspond¬ 
ent to the ‘Inland Printer,’ states ^ 
that the following is a plan adopted in 
a large trading concern :—First have 
a rubber stamp made with white letters i 
on a black ground ; then make up an ; 
ink to use witli this stamp as follows: ; 
Ordinary resin, J lb. ; lard oil, 1 ; 
tabl&si>oonful; lampblack, 2 table- | 
spoonfuls; turpentine, 2 tablespoon- I 
fuls. Melt the resin, and stir in the : 
other ingredients in the order given. 
When the ink is cold it should look 
like ordinary printers’ ink. Spread a 
little of this ink over the pad and ink 
the rubber stamp as usuaJ, and press 
it on the clean steel—saw blade, for 
instance. Have a rope of soft putty, 
and make u border of putty around 
the stamped design as close up to the 
lettering as possible, so that no portion 
of the steel inside the ring of putty is 
exposed but the lettering. Then pour 
into the putty ring the etching mixture, 
composed of 1 oz. of nitric acid, 1 oz. 
of muriatic acid, and 12 oz. of water. 
Allow it to rest for only a minute, 
draw off the acid ^th a glus or rubber 
i^ringe, and soak up the last trace of 


acid with a moist sponge. Take off 
the pu^ty, and wifKJ off the design with 
potash solution first, and then with 
turijentine, and the job is done. (Awd 
see Etching.) 

I Tools, Keeping in Condition. 

The following recipes are recommendeil 
for ])reveiiting rust on iron and steel 
surfaces:— 

1. (!)aoutchouc oil is said to have 
proved efficient in j^rc^'iitingrust, and 
to have been mlopted by the German 
1 army. It only rct|uires to besprftid 
' with a piece of flannel in a very thin 
layer over the metallic surface and 
' allowetl to dry up. Such coating 
' will afford security against all atmo¬ 
spheric influences, ami will not show 
' any cracks under the microscope after 
i a year’s standing. To remove it the 
I article has simply to l)e treatetl with 
' caoutchouc oil (^in,aud washed ^in 
i after 12-24 hours. 

! 2. A solution of indiaruhl)er in ben- 

I zene has been u.sed for years os a'coat- 
• ing for steel, iron, and le»MJ. and lias 
been found a simple means of keeping 
them from oxiilihing. It can beeasily 
applied with a brush, and is easily 
rubbed ofl. It sliould be made almut 
the consistence of cream. 

3. All steel articles can be perfectly 
preserved from rust by putting a lump 
of fresldy-burnt lime in the drawer or 
case in which they are kept. If the 
tilings are to be moved, as a gun in 
its case, for instance, put the lime in 
a muslin l>ag. This is eBjiecially valu¬ 
able for s|)ecimens of iron when frac¬ 
tured, for in a moderately <lry j>lace 
: the lime will not want renewing for 
' many years, as it is capable of absorbing 
a lai^e amount of moisture. Articles 
’ in use should be plac^ in a box nearly 
I fllle<l lA'ith thoruuglUy-slakeil lime, 
j Before using them rub well with a 
i w(s>llen cloth. 

I 4. The following mixture forms an 
' excellent brown coating for prevenrisg 
' iron and steel from rust: Dissolve, 2 
; parts crystallised iron chloride, 2 anti- ' 
: mony chloride, and 1 tannin in 4 of 
I water, and apply with sponge or rag, 

' and let dry. Then another coat of. 
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{)Aint is applied, and again another if 
ncccHaary, until the colour liocomeBaa 
dark as desired. WTien dry it is waaheil 
with water, allowed to dry again, and 
the surface polished with hoU^ linseed 
oil. The antimony chloride must l)e 
as nearly neutral os possible. 

5. To keep to(»ls from rusting, take 
I oz. camj)hor, dissolve in 1 oz. melted 
lard ; take off the scuui and mix in as 
iiiucli fine hlack«lea<i (grapliite) as will 
give it an iron colour. Clean the ttsds 
and smear with this mixture. After 
2t hours ruh dean with a soft linen 
cloth. The tools will keep clejin for 
inontlis under ordinary circumstances. 

6. Put 1 tjt. freshly-slakerl lime, A 
lb. washing soda, | lb. soft soa}! in a 
bucket and sutlicient. water to cover 
the articles ; put in the tools as soon 
a^ |)o^^ible after use, and wijK* them 
up next nn)ruing or let them remain 
until wanted. 

7. Soft stM»p with half its weight in 
pearljish, 1 oz. of mixtui'c in al)Out 
1 gal. Isaling water, is in everyday use 
in most engineers’ shojw in the drip- 
cans ukchI f<»r turning long articles 
both in wrought iron and steel. Tlio 
work, thougii constantly moist, does 
not rust, and bright nuts are immerswl 
m it for days till wanted, and retain 
their jiolisli. 

8. Melt slowly together 6-8 oz. lard 
to 1 oz. rosin, stirring till cool; when 
it is semi-ftuiil it is rej«l}‘ for use. If 
loo thick it may lie let <lown by coal- 
oil or benzene. Hubl»ed on bright sur¬ 
faces ever so thinly it preserves the 
polish effectually, and may lie readily 
rubbed of!'. 

9. To pixitect mebils from oxididioii, 
polished iron or steel for instance, the 
requisite is to exclude air and moisture 
from the actual metallic surface; 
therefore, polislied tools are usually 
kept in wrappings of oil-cloth and 
brown paper, and, thus protected, they 
will preserve a spotless face for an 
unlii^ted time. When these metals 
come to be of necessity exposed in 
being converted to use, it is necessary 
to protect them by means of some per¬ 
manent drming, and boiled linseed oil, 


which proves a lasting covering as it 
dries on, is one of the best preserva¬ 
tives, if not the Iwst. But, in order 
to give it body, it should lie thickened 
by the addition of some pigment, and 
tlie very liest, because the most con¬ 
genial of pigments is the ground oxide 
of the same metal, or in yilain words, 
rusted iron reduced to an impalpable 
powder, for the dressing of iron and 
steel, which thus birins the pigment 
or oxmIc jiaint. 

10. Slake a piece <if quicklime with 
justwaterenougli to cause ittocrumble 
in a covered pot, and while liot add 
tallow to it and work into a yiaste, and 
use tills to cover over bright work ; it 
can be easily wiped off. 

11. Olmstead's varnish is made by 
melting 2 oz. rosin in 1 lb. fresh sweet 
laixl, melting the rosin first, and then 
adding the lard and mixing thoroughly. 
Tliis is appliefl to the metal, whicli 
should lie warm, if possible, and per¬ 
fectly cleaned ; it is afterwai^ds rubbed 
of!. This luis lieen well proved and 
tested for many years, and is especially 
well suited ftir planished and Russian 
inin surfaces whicli u slight rust is apt 
to injuii; very seriously. 
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Tortoiseshell. 

(a) This substAnce is not obtained 
from the animal commonly known as 
a tortoise, but forms the shell of the 
hawk’g-bill turtle—a turtle that fre¬ 
quents the seas of the West and East 
Indies and some otlier tropic seas. 
There can be no doubt that with the 
greatly increased demand and price 
that now exists, the shells of other 
species of turtle are pressed into use, 
and this is made more possible by the 
fashion in these goods admitting of 
plain orange-coloured shell being used 
as freely as tliat which Iws the b^uti- 
ful brown mottling of the true shell. 
Some idea of the value of the sulntance 
can be obtained by the fact that a 
single hat-pin—a round knob of plain 
/ellow shell on a silver-gilt pin is now 
worth one pound, while a good comb, 
which ladies wear in their hair, may 
fetch anything from to 202. This 
is for shell goods only, without jew¬ 
elled or ^Id enrichments. 

The hawk's-bill turtle has a shell 
which consists of a number of plates, 
overlapping at the ed^s like tiles on 
a roof, thirteen full plates on the 
middle of the back with 25 smaller 
ones around the edge. In the trade 
these are known as blades, and are 
mottled in colour. The under or 
belly plates are plain yellow. None 
can be consider^ true shell, as in 
substance the material more nearly 
approaches horn. To detach the 
bl^es from the bony liase fire-heat is 
employed, which causes the shell to 
come away, a thin knife completing 
the operation. 

In working tortoiseshell the proces¬ 
ses somewhat resemble those adopted 
with horn. Boiling v^ter vnll soften 
the material, but some care is needed, 
as too long a treatment ^ils tiie 
colour. A little salt in the water 
does much to prevent injury from 
this cause, though some care is t^i^n 
iteeded, as a solution of salt 

makes the shell Mttle. 


I A I'emarkable property possessed 
by the«8heU is that of “ welding," it 
being possible to join two pieces by 
simple pressure if they are suitably 
prepared. Two e^lges are well bevelled, 
scraped clean, then pressed tt^ther 
in a small press anti put into seeding 
water. From time to time the press 
is tighteneil up, and in a few hours 
the joint is complete and sound without 
injur}’ to the colours or texture of the 
shell. Another metfiod is adopted 
with tongs, no water being used. The 
ends to be joined are prepared as just 
stated, then several folds of damp 
linen are put on each side, and this 
is then clipped with a pair of fiat-ended 
tongs which have been previously 
heated sufficiently hot to colour writing- 
paper yellow. They are then put in 
a vice and tightened up moderately 
firm and left to cool. Here ^in care 
is required to prevent excess of heat 
having an ill effect. It will deepen 
the C4>lour, sometimes to blackness. 

Comb-making is practised with this 
material as with horn, every care being 
exercised to prevent waste of material. 
With objects requiring the shell to 
form a rim, the shell lends itself to 
ingenious treatment. A narrow piece 
of shell is taken and a slit is cut in it, 
then, after the shell has been softened, 
the edges of the slit are carefully pulled 
from each other until they make a 
circle, or ring. This treatment some¬ 
what prejudices the strength of the 
material, but it remains strong enough 
for all ordinary pur^Kwes, though not 
so to the extent that old articles liave 
which were cut out of the solid. 

Tortoiseshell is moulded for boxes 
or hollow goods by being cut to a suit" 
able size in the flat, then placed in 
position on or in the^mould, which is 
then lowered into boiling water. In 
about half an hour, the block can be 
pressed gently into the mould, carrying 
the shell with it. If a deep design is 
intended, this is not pressed out at 
once, but is obtuned li^ using two or 
more moulds, each one of increasing 
depth. After moulding, the srtio^ 
(»u be finished on the lathe, Wbers 
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cheapness or economy is requisite, the 
mould can be lined with pieces of 
shell, the edges of which are bevelled, 
lapp^ and prepared as for welding. 
Or a flat plate can first be made by 
welding pieces together. Even dust 
and ch^ of shell can be used, th^e 
being softened and pressed together, or 
moulded, making a real tortoise-article 
but of inferior finish and appearance, 
the substance being nearly opaque. 
This plau may fHr\'e for working in the 
less important [tarts of good shell 
articles. Occasiitnally, colouring or 
adulterant materials are added when 
working up fine stuff. 

Tortoisesliell can be used as a veneer 
fora wooden foundation, as with boxes, 
etc. The plates are reduced to uni¬ 
form thinness, then glued on as with 
other kinds of veneer. To bring up 
the best efiect and brilliancy of the 
shell and to hide the wood, fish-glue 
is used, coloured as may be desired. 

To inlay tortoiseslieU with mother- i 
of-pearl, golil, silver, etc., the onia- 
mental [tieces are arranged on the 
plate of shell and then )»ressed in. 
The operation is as fidlows First, 
make a lied of tortoiseshell filings 
within the mould or press, and place 
a sheet of thin paper over these, [dace 
the shell-plate (with the ornamental 
pieces ready uiwu it) on to the paper, 
then steadUy lower the to[> die-plate 
until it presses on the plate, plunge 
the whole into boiling water for an 
hour, and then examine to see that 
none of the ornaments are displaced. 
Close the )>reHs and jmt in the boiling 
water again, and after a short time 
bring heavy pressure t<i b^ir, and while 
under tliis pressure plunge into cold 
water. It. will be found that the orna¬ 
ments are perfectly inlaid and the sur- 
faiM only requires smoothing and 
flniRblng 

ih) So far no successful method of 
melting tortoiseshell has been dis¬ 
covered, and the shaping is therefore 
confined to cuttii^, welding and 
moulding. Cementii^ is sometimes 
done, but not where welding i® po** 
Wble, A cement is as follows :—T®ke 


30 parts shellac and 10 parts mastic, 
dissolve these in 125 pa^ of 90 per 
cent, alcohol, and add 2 parts turpen¬ 
tine. 

(c) In making tortoiseshell combs 
two are cut out of one strip to save 
waste. This is done by pic k ing a deep 
zig-zag cut down the centre of the 
strip, so tliat when the two parts come 
asunder the cut is found to give each 
piece a set of teeth. It is necessary 
to pull tlie two pieces apart soon as 
possible or they will stick (weld) to¬ 
gether in places. Round knobs and 
ornaments are moulded after the shell 
has been lieatcd. Moulding has to he 
done slowly, but is quite successful. 
To [>olish tortoiseshell it is first scraped 
then polished with charcoil dust and 
water applied with a woollen cloth 
quite free of grease. Tliis is followed 
by whiting and water, and finally 
hand-rubbed with whiting or rotten- 
stone. Another method is, after scrap- 
I ing or rubbing with finest sand-paper 
I to get a smooth sur&ce, to next use 
I cliarcoal |x>w<}er and water, then dry 
1 rotten-stone, finally with soft wash- 
leariier and sweet-oil. Or a final 
finish can be made with nitrate of 
bismuth, hand rubbed. 

((f) A cement for mending tortoise¬ 
shell is made by putting some Canada 
balsam in an oven and heating it until, 
when allowed to cool, it becomes hard. 
Wlieu required for use remelt it by 
gentle heat and apply to the surfaces 
to lie joined. Wire the parts soundly 
together and leave 24 hours. On re¬ 
moving the wire any excess of balsam 
can be removed with a slmrp knife. 

Imitation Tortoiseshell. 
Horn.—(a) Mix up an equal 
of quicklime and red l«»d wim soap- 
l(»es ; lay it on the horn with a snudl 
brush, in imitation of the mottle of 
tortoiseshell; when it is dry, repeat it 
two or three times. 

(i) Grind 1 oz. of lithar^ and } o*. 
of quick lime, ti^ther with a suffi¬ 
cient quantity of liquid salts of tartar 
to m^e it of the consistence of paint. 
Put it on the bom with a lauah, in 
iraitarion of tortoiseshell, and in three 
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or four hours it will liave produced 
the desired effect; it inay then be 
washed off with clean water; if not 
deep enough it may be repeated. If 
required a deeper colour can l)e given 
to the mottlingH by going over the 
parts with red, l)rowu or black colours 
mixed with whiting and water. 

(c) Take a piece of lunar caustic 
about the size of a pea ; grind it with 
water on a st4>iie, an<l mix with it a 
sufficient portion of gum arabic to 
make it of a propei* consistence ; then 
apply it with a brush to the horn in 
imitathni of the veins of tortoiseshell. 
A little red Iea<l, or some other powder 
mixed \rith it, Ui give it a body, is of 
advantage. It will tlieu stain the 
horn quite through, witliout hurting 
its texture and quality. In this case, 
however, be careful, when the horn is 
sufficiently stained, to let it l>e s(iaked 
for some hours in plain water, pre\ ious 
to finishing and |>olisliing it. Pieces 
of horn are united together to form 
o!ie large piece by being softened at 
the edge by boiling water, and then 
pressii^ them together powerfully 
while Burrounde<l by Ijoiling water. 

Irnitatwn TortoigeitheU is now chiefly 
made with celluloid. Take some pasty 
celluloid and mix with it some brown 
aniline dye (soluble in spirit), and with 
another proportion some yellow dye of 
the same kind. Work these doughs 
(or one of them only if desired) Into 
some nearly colourless celluloid, and ' 
if done carefully streaks and i)atc!ies of ; 
colour in the mass will be obtained 
similar to tortoiseshell. Practice is 
re<juired to get the lx5st effect in mixing 
the coloured and colourless irmtorials, i 
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Transfkrs. 

HOW TO USB. 

Tranrprks are now widely used in 
many trades, for decoration, tiade 
marks, and the like, the transfer being 
practically non-detachable (whicli 
makes it different to a paper label), and 
fiaving the appearance of being printe<l 
or painted direct on the article it is 
affixed to. Decomtoi-s, japanners, and 
c<Mich-painter8 use transfei-s largely, as 
also do makers of bicycles; while the 
tiunsfer is now being recognised as 
superior to [wper lal^ls for Iwttles. 

Bronze and gilt designs, as the trade 
marks oti bicycles and japanned goods, 
arc printed on very thin tissue paper, 
and are affixed direct with an adhesive 
sulwtance ; while the more decorative 
tninsfers, in colours, are on thick jwper, 
so that tiie design is scarcely visible. 
The l)est goods of this kind ha^'e an 
outline of the 4lesign printed on the 
I Ijack of tlie jMiper, corresponding witii 
I the design of the transfer, and this 
I enables the operator to fix the transfer 
I in position witliout trouble. When 
I this outline is not printed the paper 
I should 1)6 iield up in a strong light to 
; enable prominent tally marks to be 
' pencilled on. In most cases the trails* 
fere are sold by the printers in slieeta 
only, the numlier of separate designs 
on each I’arying, of course, according 
to their size. Some transfers do not 
appear transparent when held up to 
tiio Ught, but are coated or backed 
with gokl or silver, which in some 
cases gives the impression tliat tfiey 
are inctal transfers. This metallic 
backing forms a protective coating to 
tlic design, and it also prevents the 
colour of the ground—i.e. the article 
the transfer is going on^—interfering 
with or oiMCuring the colours of the 
transfer. For instance, if a transfer is 
in transparent colours and is going on a 
very dark ground, the metallic backing 
is r^uired, wliile on light coloured 
iKsli^ the transfer can &ive a wlute 
backing; if the transfer is going on a 
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white ground, or a very light one, the 
iMckiiig u not usually needed.* In the 
same way, when a transfer consiNte 
cliiehy of gold, bronze, or other metallic 
material (as trade marks commonly 
are) no backing is needed, an the design 
of the transfer is then opatjuc. These 
points recjuire coi^skleration, as the 
backing makes a ditierence to tliecost. 

^ well-known American firm of 
tradsfer printqi;>t ihsue the following 
notice: “Transfers, when just coni- , 
pleted, are fresh and delicate, and the < 
colours at such times, not bou^' 
thoroughly dry, are easily attected by 
the clciwiing substance. The liesl pre- j 
caution is to Uke as many tmnsfers as i 
lire needed for immediate use and place j 
them IxJtwcena ncwsjiajierorcabilogue, ' 
in an o\en wheii; the heat is aliout 
110'' F., leaving them then* from 12 ■ 
to 24 liouiv, at wliich time the »nl in 
the colours will l>e thorouglily dry.” i 
This is of special im|X)rtance wiieie the ' 
designs liave lieen printed in ivcconlanco 
with special rr^iuircinents, such as 
name tablets or colour designs, to suit 
special articles. Stock goruls do not 
require tliis drying priH^ss. 

A good ground or fouinlation is very 
necessary for i>est results Mth trans- i 
fers. With Jajiaimed work the transfer , 
should not go on until after the Hrst 
coat of clear tinisliing vaniish is liard, 
and, on jiainterl goods, a coal of varnisli 
should follow the transfer if it is to l>e 
permanent. WmsUvork tluit is stained ; 
and varnished should have the transfer 
put on just licfore tlie last cotit of 
varnish, wliile in certain cases, witli 
all goods, the transfer is put on last | 
of all, and a little \'amish laid over the I 
transferreil design only. 

Much cheap nmr<|ueterie work which 
is suppled to 1)0 an inlay of decorative ! 
woods in ominnental design, is done 
with transferu. The tramrfens them¬ 
selves are works of art and are expon- 
■sive, but not nearly so costly as real 
wood inlay. They are applied when 
the polisluug trf t,iie groundwork is 
practically finished, a cuit of trans¬ 
parent polish following the transfer. 

It is difficult to enumerate the great 


number of uses to which transfers are 
now put. Japanned ware, wheth^ 
metal, wood or pulp, makes a great 
demaml in itself; polished wood ware, 
leatlicr, glass (bottles are even labelled 
i with transfers), leatlicr, celluloid and 
comjKJsition goods, toys, fancy goods 
of every kind, and even such goods 
ornamental candles and wax goods can 
lie decorated in tliis way. In fact, any 
surface wliich is lianl, clean, and not 
too porous, will take transfers. It is 
not alMolutely necessary tliat all trans¬ 
fers should lie coated witli varnish or 
French polished; but in all cases where 
it can lie done, such treatment is ad- 
\’ised, as it tends to keep the transfers 
clean, prevents accidental scratching, 
protects gold decorations from tarnish¬ 
ing, and, in the case of imitation inlaid 
wwkIs, Icmls to add depth and solidity. 
The transfers must be cut from the 
sheet with a margin of white paper 
around the design, and tally pencil 
marks should be put on the b^k, and 
corrcH]')onding marks on the article to 
be decorated. Place the transfer, face 
(design) upwards on a large sheet of 
jiaper, then with a ilatcamel-hmr brush 
apply the transfer varnish in a thin 
iHiat. Do not have the brush heavily 
ciiarged with the varnish, as the coat 
should be put on as near as possible of 
even thickness, without going over the 
same place 2 or 3 times. Let the var¬ 
nish go over the whole of the paper, 
not on the design only. When the 
varnish is “tacky” (dried to a very 
sticky state), lift the transfer carefully, 
and tlieu, just as carefully, place it 
where it is reciuired. Press it down 
well aitli a soft pad, presidng in the 
centre first, and workit^ outwan^ 
tuwanls tile edge. If this is not done, 
one or mure air bubbles may be formed, 
with bad results. Transfers with stiff 
paper backs may not lay well, in which 
case sightly <kmp the back with a 
sponge moistened in clean warm water, 
then press well down again to force the 
design against the surfoce. A rubber 
ndler, as useil by photographers, will, 
be necessary in the case of huge designs, 
and if several transfers are being hau- 
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died. It is essential that the transfers 
shall be in close contact with the sur- 
fece in every part. Allow them to 
remain at least ^ hour, and if possible, 
longer, as the picture then adheres 
more firmly to the surface. When the 
transfers are thus ready for the paper 
to be removed, sponge over the paper 
backs with v^rm water, stkI then press 
or roll the paper again. Sponge again, 
and soak with water freely until there 
is a certainty of the paper coming off 
quite easily. At a suitable moment 
this can be tried by lifting a comer. 
The paper is peeled off, starting by 
lifting a comer, and no attempt should 
be mi^e to slide the paper off, as is 
done with children’s toy transfers. 
Withaclean damp chamois leather dab 
up the surplus moisture and allow the 
transfer to dry. When dry, any var- 
nkhing or polishing that is intended 
may 1^ done. 

If the work is hastily done it will be' 
found that when the transfer has drie^ 
(before varnishing or polishing) a 
whitish film will appear around the 
design. If the a^cle is to be French 
policed, this is of little consequence, 
as what may be left after sponging 
with water will usually dkappear when 
wiped over with raw linseed oil before 
applying the polish. Where an oil 
vanuab or gold sise has been used as a 
fixative, and oil varnish will be em¬ 
ployed as a finish, the white film may 
be removed by sponging with benzene, 
or turpentine mixed with a small I 
amount of water, any surplus left on i 
the face of the design being afterwards I 
wi^ off. j 

Whenaffixingthetransferetopainted' 
or varnished suriaces, the fixative, i.e. 
the transfer varnish, may be made of 
agood quick-drying oil varnish, thinned 
with turpentine, so that it will become 

tackyin 10 to 15 minutes. On 
goods which are French polished, a 
spirit varnish may be us^. Where 
there are pearl or gold inlays, a trans- 
pWMit varnish is best. I^e fixative 
for enamel-^laze or for wax, is good 
quality gslatiDe dissolved in hot ^ter; 
or pale gold size may be sabatituted. 


For affixing transfers to the japan of 
coach-builders’ work, a plan sometime 
adopted is to press the transfers on to 
one of the coats of varnish on the work, 
before it is dry, using no other fixative. 
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Tying and Splicing. 

(&c also Netting, Rtipk Making, 
Wire Koi'es, etc.) 

It is obvious that althougli the term 
tying has a simple, almost homely, 
mcainng, in practice, where jterfect 
security has to !» obtained tying is 
immediately rawed to an art. The 
examples hei'e given represent the liest 
known knots and ro^ie fastenings and 
the methods of making them, included 
with which are the well-known “ clove 
hitch,” and tlie rather famous “dia¬ 
mond hitch,” the latter Iwing uswl 
for securing irregular shaped loads on 
pack animals. 

Tying.— The Thumb huji, n, and 
.Hgwf. of 8, h (F^. 272), used to 
prevent rojws iiassing throi 45 h blocks 
or slipping. To make the figure of 8 
knot, pass the end of the rope under, 
nmnd, and over the standing part, 
then up through the bight or loop. 
The Jieef knot, c, is useful for joining 
together two ropes of ecjual size. With 
dry roi>e, it is equal in strei^;th to the 
other part. If wet, the knot will 
generally slip before the rope breaks. 

The standing aiul running parts of 
each rope must pass through the loop | 
in the same direction, i.e. from above ' 
downwards, or mcr versa. If they [ 
pass in the opposite direction the knot j 
is termed a granny, and cannot be uu- : 
done when tightened up with the same j 
ease that a reef knot can, A Draw reef • 
knot, d, is made in the same manner, \ 
except that a bight is drawn through | 
inst^ of the rope end; it is useful ; 
to cast oif'when in an inaccessible posi -1 
tioD. SiwjU sheet bmd, e, is used for | 
joining the en<h3 of a rope, or hanging j 
to a bight. Take a bight or double j 
at one end, holding it in the left liand, I 
and pass the end of the other rope . 
held in the right hand up throv^h this J 
bight, down on one side under and up 
over the bight, and tmder its own I 
standing end. Th Double sheet bend, f, 
in which the running end is passed 
twice round the bight and under its 


own standing end each time, is used 
where greater security is required; g 
shows im Half •hitches ; h, Round turn 
and two half-hitches ; and i, the Fuheir- 
mjcaCs bend. In the latter, two turns 
are taken round the spar, or other 
object, and the end is passed ov^ the 
stand^g part, and through the turns 
next to the spar, over its own {»rt 
then forming one lialf-hitch, the second 
half-hitch l)eittg taken round the stand¬ 
ing part alone. It is very useful for 
attaching ropes to riz^ or staples. 
Sometimes it is nec^saiy to shorten 
a length of ro])e quickly. This can 
be done os shown by ^epsha/idt, k ; 
lay the rope up in 8 parts, and a hitch 
b^en over each bight, with the standing 
and running parts respectively of the 
rope, and diwwn tight. To secure a 
rope to the end of a beam or spar, a 
Vlovc hitch, I m n, is used, made as fol¬ 
lows :—Grasp the rope with the left 
hand, back down, and right hand bat^ 
up. Heverse each band so as to form 
two loops, /, lap them toother as at m, 
and slip tlie two loops so formed over 
the end of beam or spar. In case the 
loops cannot be slipped on to the end, 

. pass the cu<l over and round the spar, * 
I and bring it up to the left of the st^d- 
ing part, and again round the spar, in 
the same direction, to the right of the 
first turn, and bring the end up, be¬ 
tween the spar, the last turn, and the 
standby part ft. This is one of tlie 
most useful knots for making fast to 
an object; it is very simple, and so 
effective tliat generally the rope breaks 
before slipping. ^ 

Timber hitch, o, is useful for lift¬ 
ing timber or dragging spars. When 
properly made, it will not slip; it is 
easily undone when the strain is taken 
off. Pass the end round the spar, and 
round its standing ^»rt, cl(»e to the 
spar. Then twist it two or three times 
lack round itself, and draw tight. A 
half-hitch taken with the stan<^^ part 
adds to its security. 

Bowline knot is shown in p, r, 
t Holding the standing part in the left 
I hand, form a loop in the rope running 
! end uppermost, loop towards the body 
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pass the runmng end up through the 
loop, as shown at p, down under the 
stwding part from right to left, back 
over the standing part, and tlu'ough 
the original loop; then draw taut tiic 
end and double of the loop together, r. 
A running bowline, «, can be formed 
round a spar, and tightened at any 
point. To make it, hike the coil of 
the rope in the left hand, pass the 
running end round the spat* from left 
to riglit, and draw it buck with the 
right hand as far re([uired; still 
holding the end in the right hand; 
take the standing part in the same 
hand; {lass the left hand under the 
standing part, and with the finger and 
thumb seize the running part of the 
rope close to the spar; draw it under- 
neatii the standing yiart from right to 
left and up, an<l at tliat point make a 
bowline knot on it with the running 
end. The knot is then run through 
the loop. Its use is to form a loop at 
the eiul of a rope tliat will not slip, or 
tigliten up. 

Oatit/mr, t: 2 loops made on a rope 
in order to liang a tackle on. To 
make it form two equal bights or loops, 
t. Grasp a loop in eacli hand, and roll 
them on the standing fjart 3 or 4 com¬ 
plete turns; tlien hook into both loops 
A, Fig. 273. Tliis is an exceedingly 
handy method of attaching a rope to 
the block hook, owing to its simplicity, 
and the rea<ly manner in which it can 
he eased ofi‘. 

Whipphu;, B C 1>. To whip a rope 
is to tie a piece of small twine round 
the end, to prevent the strands from 
untwining and forming loose ends. 
Eop^ intended for tackles particularly 
should be wiiipped before the blocks 
are threaded. When treated in this 
manner ropes will easily pass through 
the block sheaves, thus j>reventing 
much annoyance and waste of rope, 
it being quite a common occurrence 
witii some workmen to cut a yard off 
the rope end because it is frayed. 
Take a piece of fine twine, 2-3 ft. long 
in prop^on to the size of the rope, 
and place it as shown in B, one end to 
the right, the other to the left, quite 


close to the rope. Wind the loop 
ahe tightly round the end of the 
rope /, and the two ends d e of the 
whipping twine, a sufficient number 
of limes to secure the ends 0; tlien 
by drawing the two ends d e tight, 
the wliippiug is tightene^l up D. 

E represents a double Blaohwall 
hitch. It is used for securing a tackle 
to a rope. To make it, place the rope 
near its end, against the liook of the 
block at ((, cross the rope at b, and 
again inside the hook at c. If seized 
with a few turns of twine at d it will 
be more secure. This method of at¬ 
tachment will in a great measure pre¬ 
vent the rope from cutting itself on 
the hook. 

Carrick bend, F. Lay the end of a 
rope or chmn UTider its own standing 
part, as shown at Q, then with auoth^ 
rope or chain c d, lay its end under 
botii parts of the eye formed by a b, 
and parallel to that part which is 
uppermost; then bring it alternately 
over and under the parte of a 6 and 
itself. This knot is used for fastening 
the four guys to a derrick. But its 
principal use is for bendii^ a large 
rope to a small oQe. 

Dray rope knot, H I K. This is a 
useful knot for attaching hand spikes 
to dr}^ by. It may also be used as a 
ladder by securing it firmly at each 
end. 

7'iic Skcei'hend or Weaitem' hnat. A, 
Fig. 274. This knot is usuaUy em¬ 
ployed by nelters, and is call^ by 
sailors ‘ ^ the sheet l^nd. ” It is readily 
made by bending one of the pieces of 
cord into a loop a h, which is to be 
lield between the fii^r and thumb of. 
the left hand; the other cord o is 
passed through the loop &om the 
faj-ther side, then round behind the 
two 1^ of the loop, and lastly under 
itself, the loose end coming out at d» 
In the smallness of its shse, and the 
firmness with which the vmous parts 
grip together, this knot Burpasses every 
other; it can, moreover, be tied readilv 
when one of the pieces a 6 is exceed 
ingly short; in common stout twine, 
less tlian 1 in. is sufficient to form the 
2 l> 
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loop. The above method of forming 
it is the simplest to descrilie, although 
not the most rapid in practice ; as it 
may !« made in much loss time by 
crosKincr tUo two ends of cord <• h in B 
on the tin of the foro'in ier iif the left 
liand, and holding them firmly by the 
left thumb, which covers the crossing ; 
then the })art c is to be wound round 
the thumb in a loop, as sliown in the 
figure, and passed l^tween the two 
ends, behind a and before h ; the knot 
is completed by turning the end l> 
downwards in front of rf, passing it 
through the loopand tightening the 
whole by pulling d. As formed in 
this mode, it is more rapidly made 
than almost any other knot; and, as 
before stated, it excels all in security 
and compactness; so firndy <lo the 
various turns grip each otlier that, 
after having been tightly pulled, it is 
very difficult to untie ; this is the only 
drawback to its usefulness, and in this 
respect it is inferior to the reef-knot, 
which is made in precisely the same 
manner that a shoe-string is tied, only 
pulling out the endsinst^ of leaving 
them as bows. 

Bindiwf knot, CD.—This knot is 
exceedingly useful in connecting 
broken sticks, rods, etc., but some 
difficulty is often experienced in fas¬ 
tening it at the finish; if, however, 
the strii^ is placed over the part to 
be united, as shown in T). and the long 
end 6 is used to bind around the rod, 
and finally passed through the loop a, 
as shown in C, it is rea<lily secured by 
pulling dy when the loop is ^Irawn in, 
and fastens the end of the cord. 

Clove hitch, EF,—For fastening a 
cord to any cylindrical object, one of 
the most useful knots is the clove hitch, 
which, although excce<lingly simple 
and' most easily made, is one of the : 
most puzzlii^ knots to the uninitiated. 
There are several modes of forming it, 
the most simple being perliaps as fol¬ 
lows :—Make two looi)8, precisely 
similar in every respect as a and h in 
E, then firing 6 in front of a, so as to 
make both loops correspond, and pai« 
them over the object to be ried, 


tightening the ends; if this is properly 
done l!ne knot will not slip although 
8urroun(Ung a tolerably smooth cylin¬ 
drical object, as a pillar, pole, etc. 
This knot is employed by surgeons in 
reducing di.slocations of the but joint 
of the thumb, and by sailors m great 
part of the standing ri^i^. The 
loop which is formed when a cable is 
passed around a post or tree to secure 
a vessel near shore, is fa toned by 
what sailors term two half-liitches, 
which is simply a clove hiich made by 
the end of the rope which is passed 
around the {H)st or tree, and then 
made to de.scril)e the clove hitch around 
that part of itself which is tightly 
straine<l. as in F. 

The IKammd hitch. Fig. 276. This 
is largely used for tying goods to be 
carried on animals’ backs. The pack 
saddles f may be of the simplest 
description, resembling small, light 
sawbucks, with shle boards fastened 
under the crossed pieces, to come upon 
the animal’s back. In saddling, a 
piece of blanket is first put on, then 
the saddle is girthed, or “cinched,” 
on verj’ tightly. 

The operation of packing involves 
the use of the peculiar knot, very 
famous in its way, termed the “ dia¬ 
mond lutch.” By its agency the 
packs are fastened rigidly in position 
on the back and sides of the animal 
carrying them. After the animal has 
been sidled, the packs, divided into 
two even portio]i.H, are slung up, half 
on each side, Ity two packers. To the 
ptnls of the ^dle CK)rrespon(hng to 
pommel and cantle, short lines ^ 
fastened. The packers hold the packs 
up against each side of the pack animal, 
and {tassing the ropes around the arti¬ 
cles from underneath, and up, over, 
and the back, Ue the ends 

; togetlier so as to hold all in position. 

' Any small articles are piled on top, 

I and all is ready for the diamond IdtclL 
I To make tins, a piece of 2 <»* 3 in. 
rope is used, about 30 ft. long. One 
! end is fastened to a short girth or 
\ cinch d. To the other end of the 
' cinch is secured a large flat hool^ 
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generally made of wood. In th§ army 
a long leather strap, about 1 in. wide, 
is used instead of the rope. Through¬ 
out the whole operation the packers 
work in pairs. One stonds on the 
near or loft side of tlie animal, whom 
we shall designate a.s A : the otlier 
standson the offorright side,and will 
l)e called B. The picking ro|->e and 
cinch arc taken by A on the near side. 
He sivings the l«ok end of the cinch 
across under the animal's belly to B, 
who catches it. Tlicn A makes a bight 
in the fwrt of the rojxj near the cinch, 
and lliix>\v6 it over across the top of 


loops are formed, one for each side. 
A's loop lies under the crora line, 
while IVs loop comes outside of every* 
thing. All these operations are exe* 
cuted in a few seconds, no exact order 
being followed. The tightening pro¬ 
cess comes next. B begins to pull the 
rojKj backward and upward, grasping it 
at /, putting his knee, or even foot, 
against the hook (or a purchase, while A 
tjvkes in the slack as fast as given him 
from B H successive pulls, grasping and 
pulling the rope at g. When no 
more otn l)c gamed, and the poor brute 
is compressed as much as possible, A 
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the pack to B, who inserts it in the j ywases the loop on his side tightly 
hook. Thus two lejulsof then)pe run i aro\md and partly underneath his half 
over the top of the pack transversely. ! of the pvek. Then B, grasping the 
A then tnrns a half-hitch with a rope at h, ]mlls diagonally backward 
lai^e loop in the next succeeding )>nrt and outward. This Ix^ns to “spread 
of the nipe, and pajsses the free end to the diamond." He next puts lus loop 
B. Tills end B passes over the second I in position, when A, taking hold of the 
and under the first leswl of the rope free end of the rppe, pulls it diagonally 
lying across the packs, and as near the ‘ forward and outward, over the withers 
centre as may be. The state of things i of the horse. This completes the 
at this point is shown in a, Fig. 275. 1 spreading of the diamond, and it will 
The left-hand port of tlie Ii^f> hitch <at once seen that this separation of 
is passed under the cross-rope by A, the two leads of the rope tightens it 
while the free end of the rope is [»sBed ; with enormous power. After A has 
as described by B. h shows this phase | given the final pull, he ties the free 
oi *the operation. In this way two I end of the rope wherever convenirat, 
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thus completiiig all. The final result 
iB shown in c. The last two pulls con- 
solidating the pack nearly double up 
the poor anim^. The cinch, often 
cruelly narrow, is drawn up into his 
belly until the profile forms a double 
curve, his body being violently squee;sed 
upw^. After packing, the ])oor 
b^t will sometimes go o^, as it were, 
on tiptoes, tiying to relieve liimself by 
motion. To untie the hitch, the end 
of the line is untied and cut loose, and i 
withdrawn from under tlie cross lead ! 
of the rojKj. Then the whole being 
slackened, the bight is withdrawn from 
the hook, and the rope conies off' with¬ 
out a knot. If a knot is formed, it is 
a sign that a mistake has been lu^c in 
the tying. 

The tightness of the “lacing” to 
which the animals arc subjected has an 
element of mercy in it, because, if the 
^dle shifts alraut, a sore back in¬ 
evitably results. 

For roping large, irregular bundles, 
the diamoud liitch is weU adapted, mid 
its power in such cases is surprising. 
A simple loop tied on the end of the 
rope is made to serve instead of the 
cinch loop. (‘Scicut. Amer.’) 

Tyinj Finh-hooki .—Tlie majority 
of hooks userl for sea-fisliing have ffat- 
tened hevds or ends, not eyes, and the 
twine snood is tied to them by two 
half-hitches as Figs. 27fi and 277. Tlie 



first fi^re shows how the twine has to 
be twisted by the fingefinto two loops, 
with the ends passing as shown. The 
h^ of the hook is passed straight 
tlm>aghthe two loops, which are tlieu 
drawn ts^t on it as the second figure 
shows. The two ends are then twisted 
together to form the snood, whicli 
. should be a HtUe over a foot long. 


TV*’*?* to Eyed FUh-hoolci .— 
First pass the end of the gut through 
the eye of the hook, take the gut round 
the shank, then return it tlirough the 
eye (if the eye is large enough, if not 
|>ws it under the eye) and l^tly tie a 
simple thumb knot around about the 
eye as the sketch (Fig. 278) shows. 
A safer tie can be effected as F%. 279, 



the chief difference being the double or 
repeated knot above the eye. The 
chief advantage of this is that the end 
of the gut can be cut otf fairly close, 
whereas with Fig. 27d the end has to 
be left longer to avoid the jiossibilitj 
of its drawing out. Gut must be 
put in warm water (or in the month) 
a little time before tying, 

TyiwjitParcd^ GH(Fig. 274).—-The 
tying up of fiarcels in jiapcr is an opera* 
tion which is seldom neatly performed 
by persons whose (M:cupations have not 
given them great facilities for constant 
practice. Let a single knot be made 
in the end of the cord, which is then 
passed around the hox or parcel. This 
knotted end is now tied by a single 
hitch around the middle of iJie cord G, 
and the whole is pulled tight. The 
cord itself is then carried at right' 
augles round the end of tlm pam, 
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and where it crosses the transverse cord 
on the bottom of the box H it should, 
if the parcel is heavy and requires to 
be firmly secured, be pawied over the 
cross cord, then back underneath it, 
and pulled tightly, then over itself; 
lastly, under the cross'Cord, and on 
around the other end of the box. 
When it reaches the top, it must be 
secured by passing it under that part 
of the cord whid^runs lengthways in 
a G, pulling it very tight, and fasten¬ 
ing it by two half-hitches round itself. 
Tilt* great cause of fwrcels becoming 
lf> 08 e is the fact of the cord l»eing often 
f^tened to oiic«)f the transverse (larts 
as 6 in G, instead of the piece running 
lengthways, and in this case it in¬ 
variably becomes loose. The descrip¬ 
tion may jHjrhajw be rendered clearer 
by the aid i)f the figures, which exliibit 
the top and liottoiu of a box corded as 
describetl. The oortls, however, are 
shown in a loose state, to allow tlicir 
urangement to be perceived more 
easily. 

Splicing. IK(Fig. 

274). —There are two ways of making a 
shortsplicc—one bypassing thestrands 
left-handed, and the other by passing 
tliem right-handed. But the former 
method is the more generally adopted, 
b^use of its neat appearance. Unlay 
the strands of each rope about 1 ft. or 
more, then crutch them together—that 
is, lay them so that each strand lies in 
a groove of the rope. Aftcrwarrls pass 
a strand of one ro{)e over a strand of the 
other, as shown in I, frontview, where 
No. 4 is passed over No. 1, so as to 
form a common knot. In a like iium- 
ner pass No. 5 over No. 3, and No. 6 
over No. 2. Draw these strands tight, 
and proceed as follows :—Take strand i 
No. 6, K. Itack view, and after reducing 
tlm yuns by cutting a few out of the 
inside, pass it over No. 2; continue 
doing BO until it is worked out. It 
will be seen, by reference to K, that 
No. 6 is pass^ tliree times over No. 2, 
but the third time it is merely pu^ed 
* through and not drawn tight. Htremds 
Nos. 4 and 2 are in a> similar position. 
AH the oorrespoDdiug Nos. represent 


the same strand, so No. 4 will pass 
over the same strand (No. l)till worked 
out; No. 1 over No. 4, and No. 2 
over No. 6. No. 6 which is shown 
loose, passes over No. 3. In passing 
the strands be careful to reduce the 
yams each time after the first, and 
spread them out so tliat they will lie 
fiat, and also see that all the yarns lie 
parallel. 

SpUeing Wire Rope, L M N (Fig. 
274).—The increasing use of endless 
wire rope for underground haulage, 
elevated wire ropeways, and for hoist¬ 
ing, gives importance to methods of 
splicing. 

About 24 ft.* t)f rope is required to 
put in a gocKl smooth long splice. The 
wire ropes employed in ropeways are 
: made of 3 strands of 7 wires each, and 
a core or heart; as there are two rope 
en<is to splice together, there will con- 
se<iuently be 12 strands to be tucked 
in. Operators usually tie the stops 
that mark the length of rope, about 
where the centre of the splice will be. 
In this case the usual way is to unlay 
each rope up to tliat {)omt,and place the 
strands of ropea Wtween thestrands of 
rope I), the cores or hearts of the ropes a 
and fj being cut oiT so that the cores of 
the ropes abut against each other. 
There will be then 12 ft. of strands 
each side of the stop isee L, Fig. 274). 

It is important tmt each strand 
should be in its proper place, so that 
none of them crosses other stTmids, or 
tliat two strands be not where one 
strand should be (by placing your 
fingers between each other in natural 
jTORitionthiswillbeunderstood). Then 
strand No, 1 of rope a is unlaid, and 
strand No. 1 of rope ft follows close, 
and is laid snugly and tightly without 
kink or bend in its place, until within 
7 ft. of the end; a tem^rary seizing 
is then put oiv securii^ ropes and 
strands at this point. Strand No. 1 
of rope a is then cut off, leaving it 7 
ft. long. Then strand No. 2 of rope 

• The length isoontroHed tlie thickness, 
shout 40 tltnes the ctreamference is tlesirshle, 
thus with ft Sin. rope. 2X3>C4osU0hi.or 
Mft 
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a is unlaid, and atrand 2 of rope h is will l^ve the rope as true and round 
laid in its place to within 21 ft. of its and as strong as any other part, 
end. Strand No. 3 of rope a is unlaid, Some operators prefer to start from 
and strand No. 3 of rope b is laid in the end of one rope and consequent 
its place to T^ithin 35 ft, of end. By end of splice. The operation is about 
this time you have reached within 7 the same, but more care has to be used 
ft. of the centre, and, reversing the in bringing all the strands to an even 
operation, unlay strand No. 4 of rope ' tension iu the ])artB spliced. 

6, and lay in its place strand No. 4 of 1 Theloiig8j>Iicojustdescril>e<Icn8ureB 
rope a, to within 7 ft. of its end; uniform (liarneter and no reduction in 
unlay No. ,5 of rope b, and lay in No. 5 strength. Hemp and wire ropes are 
of rope rt, to within 21 ft. of its end ; | spliced in the same way, but with wire 
finally, unlay No. fi of rope b, and lay j the splice lias always to Ikj of thC 
in its place No. fi of rope a, to within ' greater lei»gtli owing to the less friction 
35 ft. of its end. Tlic strands are now j and Inihhng ^)werl)ctwcen thestrands. 
all laid in their places and seized down j A short splice is not *so strung ainl 
for the time being, tlie ends are cut | makes a bulge where it occurs. A 
off, as with tlie first strand, to 7 ft. 
long, and present the appearance as 
in M. 

The next operation is to tuck in the 
ends, and we will proceed to tuck in 
61. It will be remembered that the 
ropes are made of 6 strands, laid around 
a core or heart, asualiy of hemp, of the 
same size. Two clamps N made for 
this purpose are fastened on the ro{)e 
so as to enable the operator to untwist 
the rope sufficiently to open the strands 
and permit the core to be taken out, 
which is cut away, leaving a space iu 
the centre of the roj»e ; the strand h 1 
is ])laced across n 1, and put in the 
centre of the rope in place of the ex* 
tracted cure, forming, iu fact, a new 
core, A fiat*nosc<l T-sliaped needle 
used in sf)licing, the point of which 
is about ^ in. wide by in. tliick, 
rounded off to an edge, is well mhi]>te(l 
to this pur{K>sc. The strand 61 is 
laid in it« entire length, the core lieing 
cut off exactly at the extremity of 
strand 61, so tliat when the rope is 
enclosed arourid the inserted strand, 
the ends of the strand and core should 
abut. If there is much space left in t “inarryhig” the ends. Tiieoperation 
the centre of the rope*without a core, | is then to pass each strand over and 
the rope is liable to lose its [)roj)er form, j under the next strands, some three 
and some of the strands fall in,exj> 08 ing i to six times in succession. The strands 
the prejecting strands to uiulue wear. [ jut interlaced onw; before the rope is 
The same operation is ficrformed with pulled taut, after which the interlactcg 
a 1, running the otlier way of the repe, is done by o{>ening })etween the str^s 
and m on, until all the strands are with a metal marliuspike, using grease 
tucked in, which, if properly done, i if necessary. When the interlacing is 
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completed, pull the rope as taut as 
possible, then roll the splice l^tween 
boards to reduce its diameter as much 
as possible. It is not easy work for 
an aniateur, and requires considerable 
care and jimctice. Before cutting or 
finally tucking in the ends, the rope 
should Ije stretobcd on a winch, a 
mallet and block being useil freely. 

When a splice law to be ma4le that 
must |vws thn^gh a pulley block, 
assuiuing the rojic has six stnwuls, 
unwind thrcie alPirnato strands on e«ph 
end and cut all other strands off. 
Vut the cut ends together and work 
in tlic loose stfinids in opiswite rope, 
under one strand, over the next and 
Iwck again until reaching the end of 
the strand, which is ])ointe<l and beaten 
home into the iMsly of the rope. 

(For dctjiils of tools and methods 
used in splicing kiliudo rope m WriiE 
Ropes). 


Valve-Grinding. 

The tlirottles upon all .steam macliiues 
generally ret|uire giinding at regular 
iiitcrrals, and a fe\\' words as to the 
proper iiictliod of performing this 
apparently simple operation may not 
1x5 out of place. The writer has been 
in rc]viir slu)]>s and seen supposedly 
eoinjictcnt men grindingpipiiet-valves, 
whether for steam throttle or for gaso¬ 
line inlet or cxliaust, holding ono part 
in a chuck in tlie lathe and the other 
part in the hand, and running the 
lathe at a rapid rate, feeding the 
grinding material around the joint to 
be ground and bringing pressure ujwn 
the i>arts by the liaiid. This is de¬ 
cidedly the wrong way to accomplish 
the desired end—viz. a perfectly 
straight, true surfjMX5 at the valve seat 
entiriOy free from rings. 

Tlicse rings or grooves once started 
U|H)n the ftCJit and valve-surface of any 
form of poppet-valve, it is almost im¬ 
possible to efface them by subsequent 
grinding, no matter however carefully 
(lone, and the only remedy would con¬ 
sist in uuu5luuing the surfaces down 
to true again, putting the valve into 
t.he latlie juwI turning up a new surface 
and using a s|>eciid angular milling 
cutter 01 rciimer for the seiit. If a 
due amount of care is exercised in the 
grimliiig, these expedients will never 
l)ccoiiie necessary ; and in grinding 
sucii valves Die surfaces should be 
smeared willt macliine-oil and emery, 
using alsiut Ko. 90 to begin with for 
most work, and finishing with flour 
of emery. Tlie greatest care should 
1)6 taken tliat none of the emery fall 
u].K)n other working surfaces, and that 
none remains in the valve-cbamber’after 
the openktion. • 

In the case of a steam throtDe, one 
piece should be held in a rice and the 
utlier pai't turned by the fingers or a 
scicwilriver, with the application of 
oidy moderate pressure, as too heavy 
pressure will be apt to produce the 
grooves above referred to. The parts 
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should be turned first in one direction, 
then in the other, turning in one di« 
rection a little &rther than in the 
other each time, so that ’ the valve is 
continually revolving over all portions 
of the seat. As soon as the grinding 
material has ceased to cut—wliich can 
be felt and heard—the old material 
should be wiped ofi* and replaced by 
fresh. In the case of a steam throttle, 
where both surfaces are of brass, it is 
i good plan to finish with grindstone 
jrit. The ground surfaces should not 
be shiny when finished, but should 
liave a dull, frost}' appearance, and 
both valve and seal should show a 
uniform cliaracter of surface all the 
way round. (* The Horseless Age.') 




• 

Varnishes and 
Varnishing. 

(See alto Japanning, Lacquers and 
Lacqukrino, Painting, Polishes 
AND Polishing, Waterproofing, 

ETC.) 

Properties.—Varnish is a solution 
of a resinous substance in oil, lur{)en- 
tine or alcohol. The oil dries an<l the 
other two solvents cva{M>rate, in either 
case leaving a solid tntuspiireiit film of 
resin over the surfocre w-niislieil. In 
estimating the <iualily of a varnish the 
following points inust. be considered : 
(1) Quickness in drying; (2) hardness of 
film or coating ; (ll) toughness of fihu; 
(4) amount of gloss ; (.'i) permanence 
of gloss of film ; (6) durability on ex¬ 
posure to weather. The quality of a 
varnish depends almost entirely upon 
that of its ingredients; much ^ill is, 
however, required in mixing and boil¬ 
ing the ingrcslients together. Varnish 
is use<l to give brilliancy to pmnted 
surfaces, and to protect them from the 
action of the atmosphere or from slight 
friction. It is often applied to pMn 
unpainted wood surfaces in the roofs, 
joinery and fittings of houses, and to 
intensify and brighten the oniamental 
appearance of the grain. Also to 
painted and papered walls. In the 
former case it is sometimes flatted 
so as to give a dead appearance, similar 
to that of a flatted coat of paint. 

Materials —Gums are exudations 
from trees. At first they are gene¬ 
rally mixed with some essential oil; 
they are then soft and viscous, and 
are known as balsams; the oil eva¬ 
porates and leaves the resin, which is 
solid and brittle. Resins are often 
called ' ‘ gums ” in practice, but a gum, 
properly speaking, is soluble in water, 
and therefore unfit for varnishes, while 
resins dissolve only in spirits or oil. 
Cium-reKhw are natural mixtures of 
gum with resiu, and sometimes with 
essential oil, found in the mUky juioes 
of plants. When rubbed up' wHli 
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water, the gum is dissolved, and the 
oil and the rrain remain suspended. 

The quality of the resin greatly in¬ 
fluences that of the varnish. The 
softer varieties dissolve more readily 
than others, but are not so hard, tough 
or durable. C<niiin<yn rosin or colo' 
phony is either brown or wliite ; the 
brown variety is obtained by distilling 
the turpentine of spruce flr in water; 
the white is dis^^led from Bordeaux 
turpentine. ITie principal resins used 
in good work are as follows :— ^ 

Anther, obtained cliiefly from Prus¬ 
sia, is a l^ht yellow transiiarcnt suli- 
stence found Imtweeii beds of wu<k1 


from the juniper tree; resembles lac, 
but is softer, less brilliant and lighter 
in colour, and is used for palevamuh. 
Drttyon's hhod is a resinous substance' 
imported from various places in 
I dark brown-red lumps, in bright red 
I powder, and in other forms; used 
! chiefly for colouring vtmiislies and 
lacquers. 

! Solvents must be suited to the de- 
, scription of gum they aie to dissolve. 

I Boiling linseed-oil (and sometimes 
j other oils, such as rosemar)') is used 
I to dissolve amber, gum animi or copal. 

\ Tu> 7 )entine for mastic, dammar and 
’ common resin. Methylated spirits of 


coal, or after storms on the coast of 
the Baltic; is the hardest and most 
durable of the gums, keeps its colour j 
well, and is tough, but diWeult to dis¬ 
solve, costly, and slow in drying. 
Own anhd is imjmrted from the East 
Indies; is nearly as insoluble, hard 
and durable as amber, but not so 
tough; midt®j a varnish quick in dry¬ 
ing, but apt to crack, and the colour 
deepens by exposure. Copnl is im¬ 
ported from the East and West Indies 
and America, etc., in three qualities, 
according to colour, the ]>aleHt Iteiiig 
kept for the h4;hest class of varnish ; 
these become light by ex{)osure. Mas¬ 
tic is a resinous gum from the Mediter- 
ran^n; it is soft, and works easily. 
Own dmmnar is extracted from the 
lOkuri pine of New 2^ealand, and 
comes also from India ; makes a softer 
varnish tlmu mastic, and the tint is i 
nearly colourless. (Jum devii ooinea | 
from the West Indies and somewliat I 
rambles copal. Lac is a resinous i 
substance which exudes from several ! 
tre^ found in the East Indies; more ' 
soluble than the gums above men- ! 
tioned; stick lac consists of the twigs 
covere<l with tlie gum; seed lac is the 
insoluble jx>rtion left after pounding 
wd digestiug stick lac; when seed lac 
is melted, strained and compressed { 
into sheets, it becomes shell lac; of j 
these three varieties shell lac is the i 
softest, palest and purest, and it is ' 
therefore used for making lacquers. ! 
Sandaraok is a substance said to exude i 


wine for lac and sandarach. Wood 
naphtha is fre<iuently used for cheap 
varnishes; it dissolves the resin more 
readily tlian ordinwy spirits of wine, 
hut the varnish is less brilliant, and 
the smell of the naphtha is very offen¬ 
sive, therefore it is never employed for 
the best work. 

lirUrH are geiier^y added to varnish 
iu the fonii of litharge, sugar of lead, 
or wliite copperas. Sugar of lead not 
1 only liardeus but combines with the 
I varnish. A large proportion of driers 
injures the durability of the varnish, 
though it causes it to dry more 
quickly. 

Linbekd Oil. —llie choice of linseed 
oil is of peculiar consequence to the 
varnish maker, as upon its quality, to 
a great extent, depend the bmut^ 
and diirability of the varnish. Oil 
expressed from green unripe seeds 
always aboimds with watery, acidulous 
particles. The quality of oil may be 
determined in the following manner. 
Fill a pliial with oil, and hold it up to 
the light; if bod, it wUl appear opaque, 
turUd, and tliick ; its taste is acid and 
, bitter upon the tongue, and it smells 
rancid and strong : this ought to be 
rejected. Oil Irom fine j^Il-grown 
ripe seed, when viewed in a phial, 
will appear limpid, ^le, and brillknt; 
it is mellow and sweet to the taste, 
has very little smell, is specifically 
lighter than impure oil, and when 
boiled or clarifl^ dries (quickly and> 
firmly, aud does not materteUy change 
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the colour of the varnish when made, 
but appeam limpid and brilliant. 

Bering Limeed Oil .—Procure a 
copper pan, Fig. 281, made like a 
common wasliii^ copper, set it upon 
the boiling furnace, and fill up 
with linseed oil within 5 in. of the 
brim. Kindle a lire in the furnace 
underneath, and manage the lire so 
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that the oil shall gradually but slowly 
increase in heat for the first two hours ; 
then increase the heat to a gentle 
simmer, and if there is any scum on 
the surface, skim it off with a copper 
ladle, and j>ut the skimmings away. 
Let the oil boil gently for three hours 
lon^i, then introduce, by a little at 
a time, a quarter of an ounce of the 
best calcined magnesia for eveiy gallon 
of oil, occasionally stirring the oil from 
the bottom. When tlie magnesia is all 
in, let the oil boil rather smartly for ' 
one hour; it will then be sufficient. 
Lay a cover over the oil to keep out 
the^ dust while the fire is drawn and 
extinguished by water ; then uncover 
the oil, and leave it till next morning ; 
and then, wliile it is yet hot, ladle it 
into the carrying jack, or let it out 
through the pipe and cock; carry it 
away, and deposit it in eitlier a tin or 
leaden cistern, for wfXMl vessels will 
not hold it; let it remain to settle for 
at least three months.. The magnesia 
will absorb all the acid and mucilage 
from the oil, and fall to the bottom of 
the cistern, leaving the oil clear, 
transplant, and fit for use. Recollect, 
when the oil is taken out, not to die- 
turb the bottoms, which are only fit 
for black paint. 


Spibits op Tcbpkntike. — That 
which it used for mixing varnish ought 
to be procured and chosen as pure, 
strong and free from acid as possible. 
Some turpentine being drawn from 
green trees abounds with a pyroligne¬ 
ous acid, wliich rises and comes over 
witli the spirit in di.stillatiou ; it is- 
strong and bitter to the taste, and 
apiMjars milky, particularly towards 
the bottom, after standing to settle. 
Therefore, the longer tur{)entine is 
kept before it is used, the purer it 
will be. 

Choosinc Gum.s and Spibits.— -In 
purcliasing gum, exanvine it, and see 
tliat it consists, for the most part, of 
clear transparent lumps, without a 
mixture of dirt; select the clearest 
and lightest pieces for the most parti' 
cular kinds of varnish, reser\’ing the 
other.s, when separated frf>m extrane¬ 
ous matter, for tlic coarser varnishes. 
In choosing spirits of wine, the most 
simple test is to pour a small quantity 
into a cup, set it on fire, and dip a 
finger into the blazing liquid; if it 
burns quickly out, without burning 
the finger, it is good; but if it is long 
in burning, and leaves any dampness 
remaining on the finger, it is mixed 
witli inferior spirit; it may be also 
compared with other spirit, by com¬ 
paring the weight of eijual quantities, 
the lightest is the best. The gcKidness 
of spirits of turpentine may be likewise 
ascertained by weighing it, and by 
noticing the degree of inflammability 
it poss«»es ; the most inflammable is 
the best; and a person much in the 
habit of using it will tell by the smell 
its good or bad qualities; for good 
lur[)eutine has a pungent smell, the 
bad a very dis^roeable one, ai^ not 
so powerful. 

Kinds of Varnish.—Varnishes 
are classified as oil varnish, turpentine 
varnish, spirit varnish, or water var¬ 
nish, according to the solvent uMd. 
They are generally called by the name 
of the gum dissolved in them. 

Oil vamuhet^ made from the hardert 
gums (amber, gum animi, and copal) 
dissolved in require some tiow to 
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dry, but are the hardest and most i 
durable of all vami&hes; are ^cially 
adapted for work exposed to the 
weather, and for Bucn as refiuires 
pt)li«hing or fre(iuent cleaning ; arc 
used for coaclics, japan work, for the 
best joiner}’ and iittiugs of houses, and 
for all outside work. Turpmtine ivir- 
ni$h€it are also made from soft gums 
(iniistic, dammar, (K>mnion rosin) dis> 
solved in the ,^8t turpentine; are 
cheaper, more flexible, dry m<ire 
i|uickly,and are lighter in colour Hjan 
oil vomiBbeK, but are not so tough or 
durable. vnmiihcs or hwciuers 

are made witk softer gums (lac and 
sandarach) dissolved in spirits of wine 
or pyroligneous spirit; drj’ more 
quickly, and become harder and more 
Pliant than turpentine varniBhes, 
but are apt to crack and scale olf, and 
are used for oibinet and other work 
not exposed to the weather. Water 
varnishes consist of lac dissolved in 
hot water, mixed with just so much 
ammonia, borax, potash, or soda, as 
will dissolve the lac; the solution 
makes a varnish which will just bear 
wmihing; the alkalies darken the 
colour of the lac. 

In preparing oil varnishes the gum 
must first be melted alone till it is 
quite fluid, and then the clarified oil 
is poured in very slowly. The mixture 
must be kept over a s^ng fire until a 
drop pinched between the finger and 
thumb, will, on separating them, draw 
out into filaments. The pot is then 
put upon a bed of hot ashes and left 
for If) or 20 minute, after wliich the 
turpentine is poured in, being care¬ 
fully stirred near the surface. The 
mixture is finally strained into jars and 
left to settle. Clopal varnishes should 
be made at least 3 months before use; 
the longer they are kept the l)etter 
they b^ome. When it is necessary 
to use the vamisbes before they are of 
sufficient age, they should be left 
thicker than usual. The more thor* 
oughly the gum is fused, the stronger 
the vunUh and the greater the quan¬ 
tity. The longer and more r^lar 
the boiling, the more fluid the varnish. 


If brought to the stringy state too 
quickly, more turpentine will be re¬ 
quired, which makes the varnish less * 
durable. 

Spirit and TurpeMine VarnUkM .— 
Here the operation simply consists in 
stirring or otherwise agitating the 
resins and solvent together. The 
agitation must be continued till the 
i-esin is all dissolvctl, or it w ill aj^luti- 
nate into lumps. Heat is not neces- 
sarj’, but is sometimes used to hasten 
the solution of the resin. The varnish 
is allowed to settle, and is then strained 
tlirough muslin. In many cases the 
resin, such as mastic, dammar or com¬ 
mon resin, is simply mixed with tur- 
jHjntine alone, cold or with slight heat, 
(.'are must in such cases be taken to 
exclude all oil. 

Spirit rumiiflu's give the most tail- 
liuut and hard coats, but are not so 
ela>tic as Oil Vaknishks, and are not 
, durable for outside M’ork or surfaces 
liable to damp or heat. With an oil 
varnish the oil forms a (»rt of the 
I dried coat with the resin or gum, while 
i the turpentine, which first acta as a 
solvent and gives fluidity, is a volatile 
I material that dri(» out. 

In choosing resins see that they are 
I a light colour, also see that they will 
fuse at a temperature that will not 
darken their colour. The oil, too, 
must be as light as possible and have 
i good drying qmdities. No vami^, 
however well made, has a long life if 
' it is exposed. Using the best gum 
: copal, it may be considered that 18 
: months is as long as it will last for 
; outdoor or exposed work. With poor 
resins or gums 6 months may be as 
long M the varnish will last under 
tiying conditions. The turpentine 
must be of the best quality, but the 
American make, though usue^y speci¬ 
fied, is not essential. 

Uanufacturing Proceues.— 
The processes adopted in making are 
I usually as follows: A copper boUer is 
I used of a capacity 16 times as great as 
{the resin that will be used. The 
I resin is melted about 2 lb. at the 
I time; not more or it may discoloui. 
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When it is nearly fluid, as can be 
judged by puffs of steam rising, it is 
stirred with an iron stirrer, and when 
it will run off the stirrer in drops it is 
fluid enough. To make sure that all 
water (steam) is out, let it boil a 
minute or two. While this has been 
taking place the oil should have been 
brought to the boil. The two are 
then mixed, the oil being poured on to 
the resin, still heating and stirring to 
thoroughly incorporate the two. Keep 
up the heat until a drop of the mixture 
dropped on to glass gives a strong 
film of clear varnish. Ctu^ must 
be taken, however, that the heat 
does not fire the mixture. Before 
the heating is finished, the varnish 
should be capable of being drawn into 
tougli tlireads. The more oil there is 
the longer the heatuig must be main¬ 
tained. The last thing is to add the 
turpentine. The mixture must first be 
cooled down considerably and must be 
away from the fire (or the fire e.'ctiu- 
guished). Warm the turps and add 
about an eighth part slowly. Then add 
still 1^ quantities as slowly as possible. 
Onlyexperiencewill tell exactly the best 
temperature at which to mix in the tur¬ 
pentine. If too low the mixing is not 
perfect, while if too high some of the 
turps is lost by evaporation. As the 
turps is add^ t^t the mixture. 
Put a little to cool on glass, and if it 
thickens rapidly more turps can be 
added. The last operation is to filter 
iheviuiiish throi^h fine net or loosely 
woven cotton, and then it should be 
put to settle in a partially darkened 
warm room for two or three weeks. 
To thin varnish that is too thick, take 
a little of the varnish and add turpen¬ 
tine to this and thoroughly well rnir ; 
this is then added to the body of the 
varnish. Should varnish be too thin, 
a little heat will quiokly drive off* the 
excess of turpentine. 

Making Vabnish on a Small 
SklALK. — Kret procure a gum-pot, 
Fig. 281, or smanor, if required ; then 
a three-footed iroQ trevet with a cir¬ 
cular top, the feet 16 in. in length, 
and made to stand wider at the bottom 


than at the top, which is to lie made 
so thrft the jKit will easily fit into it. 
Place the trevet in a hollow in a yard, 
garden, or outhouse, wliere there can 
be no danger from fire; raise a tem¬ 
porary fire-j)lace round the trevet with 
loose bricks, after the same manner 
that plumbers make their furnaces ; 
then make up a good fire with either 
coke, coal, or wood-clmrcoal, which is 
far preferable; let ^he fire burn to a 
good strong heat, set on the guin-pot 
wjth 8 Ib. gum copal; observe, that if 
the fire surround the gum pot any 
higher inside than the gum, it is in 
great danger of taking fire. As soon 
I as the gum begins to fuse and steam, 

1 stir it with the copper stirrer, and keep 
j cutting and stirring the gum to assist 
I its fusion; if it feels lumpy and not 
: fluid, and rises to the middle of the 
, pot, lift it from the fire and set it on 
I the ash-bed, and keep stirring until it 
! goes down (meantime let the fire be 
, kept Wskly up); then set on the gum 
I pot again, and keep stirring until the 
I gum appears fluid like oil, which is to 
i be known by lifting up the stirrer so 
; far as to see the bls^e. Observe, that 
’ if the gum does not appear quite fluid 
I as oil, cany it out whenever it rises to 
the middle of the ]K)t, and stir it down 
I again, keeping up a brisk Are; put on 
j the pot, and keep stirring until the 
I gum rises above the blade of the stirrer. 

! Then the copper pouring jack is charged 
: with boiled oil, and held over the ^ge 
I of the gum-pot; when the gum rises 
I within 5 in. of the pot-mouth, the 
. assistant is to pour in the oil very 
slowly until towards the last, the 
maker stirring during the pouring. 
If the fire at this time is strong and 
regular, in about eight or ten minutes 
the gum and oil will concentrate and 
become quite clear; this is to be tested 
by taking a piece of glass and dropping 
a portion of the varnish on it; u it 
appears clear and transparent, the oil 
and gum are become concentrated or 
join^ toother. It is now to b®' 
further boiled until it will strin g be¬ 
tween the finger and thumb; ^is is 
known by once every minute dr^^jing 
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a portion on the glaHB, and taking a 
little between the forefinger* and 
thumb; pinch it first, then extend 
wide the finger and thumb; if it is 
l>oiled eimugh, it will stick strong and 
string out into fine filaments, like 
binllime ; but when not boiled enough 
it is soft, thick and greasy, without 
being stringy. It is a safe plan to 
have ready a thick piece of car})et 
large enough to cover the mouth of 
the boiling should it catch fire 
during the iiouring. The moment it 
is boiled enough, carry it from the fire 
to the ash-lied, where let it remain 
from fifteen *tf> twetity minutes, or i 
until it is cold enougli to l>e mixed ; | 
have at hand a sufficient quantity of 
oil of turpentine to till the jiouringpot, 
iMsgin and {K>ur out with a small stream, 
gr^ually increasing, and if the varnish 
rises m])i<Uy in the |Kjt, keep stining 
it constantly at the surface with the 
stirrer to break tlie bubbles, taking 
care not Ui lot the stirrer toucli the 
bottom of the pot, fi>r if it should, the 
oU of turpentine would be in part con¬ 
verted into vapour, and the varnish 
would run over the pot in a moment; | 
therefore,^during the mixing, keepcon-! 
stautly stirring as well as pouring in I 
at the same time. Have also a copper 
ladle at liaiid, and if it should so fiir 
rke as to be unmanageable, let the 
assistant take the ladle and cool it 
down with it, lifting up one ladleful 
after anotlier, and letting it fall into 
the pot. As HCKin as the varnish is 
mixed, put the varnish sieve in the 
copper funnel placed in the carrying 
tin, and strain the varnish immedi¬ 
ately ; empty it into open-mouthed 
jars, tins, or cisterns; there let it 
remain to settle, and the longer it 
rem^s the better it will become. 
Recollect, when it u taken out, not 
to disturb or raise up the bottoms. 

Plant for l£anufacture.»7%r 
buUdinf^ in which varnish is made 
ought to be quite detached from any 
other buildup whatever, and liave a 
door-way in the centre with folding 
doors m^e to IHt off the hinges. Let 
the roof oi the building slope to the 


front; fix also in ^h end wall a frame 
and door made to lift off the hii^es, so 
that, when necessary, there may be » 
free draught through the premises. 
Let three skylights ^ made and fixed 
in the roof, not directly over the for- 
naces, but on one side, so as to throw 
light on the furnaces. The skylights 
and flaps must ho well secured by lead 
flushings, to prevent wet getting in, 
which might be attended with serious 
consequences. In Uie left-hand comer 
against the l)ack wall, dig out a foun¬ 
dation and fix over a furnace the tet 
pot, used for Ijoiling oil, gold size, 
japaq, and Brunswick black. Dig out 



a foundation facing the frt)nt door 
against the back wall for the boilii^ 
f^uace, Fig. 282; against the hack 



wall, in the right-hand comer, dig out 
a foundation for the gum fumaoe, 
Figs. 284and266; this and all the other 
furnaces require to have slow fires 
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kept in them for a day, in order to 
dry them slowly, and prevent their ' 
cracking. Fig. 283, the top plate, is 
of cast iron. 

Gum pm. Procure a copper gum 
pot to fit iuto the last funiace, Fig. 284. 
The bottom a, Fig. 281, is liammercd 
out of a solid block of copper, and 
fashioned, all of one piece, exactly like 
a hat without the brim. The upper 



part of the pot &, is made of sheet 
copper, of a cylindrical form, 10 inches 
dimeter at the top, <iDd 2 feet 2 inches 
lugh, about I inch thick; the lower 
part of the cylinder is then riveted to 
the bottom with copper rivets, the 
heads of which arc inside, and project 
through the lappii^ of the copper, 
flattened on both sides. Previous to 
riveting on the bottom, a flange of 
copper, of about | inch in thickness, 
is fixed on to the bottom part, under 
the large rivets: it infixed horizontally 
round the pot. Al(;o previous to 
riveting on the bottom, put on the 
iron hoop d, inches in breadth, to 
which is welded an iron handle, made 
1 inch broad by 1 inch thick, gr^ually 
increaring to 2 inch^ in Ineadth but 
deci'earing in thickness. The length 
from pot to habdle end, 2 feet 8 inches. 


Boiling Pot- Procure a copier pot 
c to fit ifurnace, Fig. 28r), the liottom 
to be b^ten out of the solid, as the gum 
pot, and of the following dimensions: 
Diameter across the l*ottom outwde, 
20 in. ; height of iKitbnn, 7 in. ; the 
cylindriciil or l'<>dy part of the ]K)t, to 
be 2 ft. 10 in. in depth, and joineil to 
the bottom part with strong copper 
rivets, mmle to project tlirongh at 
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least three-quHTters of an inch, and to 
be well liammered in.side and out; for, 
os there is no flange, the rivets must be 
large and strong to support the weight 
of the pot and its contents while boiling 
on tlie furnace plate. It ought to fit 
the plate neatly, yet so easy as to lift 
off freely. Seven inches below the 
mouth of the pot fix on two strong 
iron liandles, one on each side, riveted 
through each eud with two strong 
rivets; the space for the Itands to be 

7 in., and 1^ in. in diameter, and to 
project 4 in. from the pot sides. 

Small Todn .—In addition to the 
furnaces the veunish manufacturer re* 
quires two copper ladles, made to hold 
two quarts each, with turned luuriwood 
liandles. Two good ladles for tbe 
iron set pot, made of sheet copper or 
sheet iron, with i»h handles. For a 
pot of 40 gal., or upwards, the ladle to 
hold 3 qt. Two copper stirrers, 
Fig. 286, made from three-qiuirterdia* 
meter copper rods 3^ ft. long, beaten 
flat at the one end to in. breadth, 

8 in. up the rod ; to be finished with 
ferrul^ handies 7 in. in length. One 
lai^ge, strong, copper funnel, wiril 
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lapped Beams, for straining boilii^ 
varnish or oil; tin or solder^ funnels 
would melt. One copper oil-jack, Fig. 
287, which will contain 2 gal., for 
(iouring in hot or boiling oil, with a 
large strong pitcher handle, and spout 
in front. One brass t)r copper sieve 
containing 60 meshes to the inch, 9 in. 
diameter,for straining the lirst varnisli. 
A brass sieve, 40 meshes to the inch, 
9 in. diameter, for straining gold size, 
turpi'iitinc, varnish, l)oiled oil, etc. A 
brass sieve, 40 meshes to the inch, and 
9 in. diameter, for straining japan and 
Brunswick black. A saddle, Fig. 288, 
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which is a sheet of plate-iron or tin, 
12 in. broad, and turned up in. at 
each side; it is to lie from the edge of 
No. 1 pot on the edge of the funnel, 
to prevent the spilling of the varnish 
duiing the time of taking it out. A 
tin pouring pot, to hold li gal, made 
exactly like a garden water pot, only 
smaller at the spout, and without any 
rose ; this is never to l)e used for any 
purpc«e except pouring oil of turpen¬ 
tine into the varnish. A :t-gal. tin 
jack made with a strong handle at 
back and alai^ broad spout in front; 
used for i-ecciving the washings when 
poured out from thegum-pot. A small 
broom, termed a swish, made from the 
waste cuttings of cane tied on a small 
handle, like a h^rth broom, for wash¬ 
ing out the gum-pot each time it is 
used ; to be always kept clean, and left 
oil of turpentine. An iron trevet, 


I made with a circuit’ top 14 in. dia- 
I meter, with four small cross-bars ; the 
I tluee feet of the trevet 12 in. high ; it 
: is used for setting the gum-pot upon, 

, with its bottom upwards, for a minute 
j between each runnii^. 

I Application.—In using varnish, 
i grejit care shc)uld he taken to have 
everything quite clean, the cans should 
l>o kc])t corked, the bnishes free from 
oil or dirt, and the work protected 
from (lust or smoke. Varnish should 
be uniformly applied, in very thin 
coats, sparingly at the angles. Good 
varnish should dry so quickly as to be 
! free from stickiness in 1 or 2 days. 

! Its <liying will Ikj greatly facilitated 
by the influence of light; but all 
drai^hts (»f cold air and ^mpmust be 
avoideil No second or subsequent 
coat of >'amish should be applied till 
the litst is ])ermanently hard, other¬ 
wise tlie (h*}’iug of iha under coats will 
be 8topj)ed. The time required for 
this dcjiends not only upoli the kind 
of varnisli, but also upon the state of 
the atmosphere. Under ordinary cir¬ 
cumstances, spirit varnishes require 
2-3 hours after every coat; turpentine 
varnishes require 6 or 8 hours; and oil 
varnishes still longer, sometimes as 
much as 24 hours. Oil varnishes are 
easier to apply than spirit varnishes, 
in consequence of their not drying so 
! quickly. Porous surfaces should be 
I sized before the varnish is applied, to 
I prevent it from being wasted by sinking 
into the pores of the material. Var¬ 
nish applied to painted work is likely 
to crack if the oil in the {Mint is not 
good; also, if there is much oil of any 
kind, the varnish hardens more quickly 
thui the paint, and forms a rigid skin 
over it, which cracks when the paint 
contracts. The more oil a varnish 
contains the less likely it is to crack. 
All varnishes improve by being kept in 
a dry place. One pint of varnish wUl 
cover about 16 square yards with a 
single coat. 

To FamwA .Aimitefe.—Pint make 
the work quite clean; then flU up 
all knots or blemishes with cement 
of the same colour; see that the t^ush 
2 8 
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is clean, and free from loose hairs; 
then dip the brush in the vamish, 
stroke it along the wire raised across 
the top of the varnish pot, and give 
the work a tliin and regular coat; soon 
after that another, and another, always 
taking care not to pass the brush twice 
in the same place; let it stand to dry 
in a moderately warm place, that the 
varnish may not chill. When the 
work has had about six or seven coats, 
let it get quite hard (which prove by 
preesing the knuckles on it—if it leaves 
a mark it is not hard enough); then 
with the first three fingers of the hand 
rub the varnish till it chafes, and pro* 
ceed over that part of the work in¬ 
tended to be polished, in order to take 
out all the streaks or parti^ lumps 
made by the brush; then give it 
another coat, and let it stand a day or 
two to harden. 

Paper or Cardboard. — In all 
cases the surface must first be sized 
with isinglass or gelatine size to pre¬ 
vent the vamish soaking in. This 
process is as follows. (1) Dissolve 1 oz. 
of the best isii^lase in about a pint of 
water, by simmering it over the fire ; 
strain it through fine muslin, and keep 
it for use. Try the size on a piece of 
paper moderately warm ; if it glistens 
it is too thick, add more water ; if it 
soaks into the paper it is too tlun, add 
or diminish the isinghiss till it merely 
dulls the Bur&ce then give the {»per 
two or three coats, letting it dry 
between each, being careful (particu¬ 
larly in the firet coat) to b<ar very 
lightly on the brush, which should be 
a flat tin camel hair. The size should 
flow freely from the brush, otherwise 
the paper, if a drawing, may be dam- 
{^ed. Then take the b^t mastic 
vamish, and with it give at least three 
coats. (2) Boil clear* parchment cut¬ 
tings in water in a clean glazed pipkin 
till they produce a very clear size, 
strain it imd keep it for use. Give 
any Work two coats of the above sire, 
pauing quickly over the work not to 
disturb the colours ; vamish with a 
pamr vamish. 

pRlMTB, ENOBATIHOS, OR MaFS.~ 


A pieCe of plate glass is heated, 
i and, whUe yet warm, a little wax 
rubbed over it; water is then poured 
over the plate, and the moistened 
picture laid hereon and pressed 
closely down means of a piece of 
filtering paper. When dry, the pic¬ 
ture is removed, and will be found to 
possess a surface of great brilliancy, 
which is not injured^'y the process of 
mounting. 

Varnish Bruahes.-^All vamish 
brushes ought to be made of long white 
hairs of the best quality, and, for the 
general purposes of vanishing, have a 
good regular spring with alx>ut one- 
fourth or fifth part worn off, fiat, slntrp, 
and thin at the point, so as to lay un 
the vamish smoothly and regularly. 
As the beauty of varnishing dependsina 
great measure on the brush as well as 
the manner of laying it on, great care is 
also necessary that no oil brush be put 
into vamish; therefore, all brushes 
worn down in oil colour, and intended 
to be put into vamish, ought previ¬ 
ously to be well washed in turpentine, 
squeezed and dried with a clean linen 
rag, or well washed with soap and hot 
water, rinsed in clean warm water, and ' 
made perfectly dry. The beat method ’ 
of keeping oil-vamish brushes when not 
in use is to bore a hole through the 
handle and put a wire skewer through 
it, and so suspend the brush in a 
narrow tin pot containing vamish of 
the same sort as it was last in, taking 
care that the varnish in the pot covers 
the haira of the bmsh up to the bind¬ 
ing and no higher. Brushes so kept 
are always stra^ht, clean, pliable, and 
in good order; whereas vamish bmshes 
kept in turpentine become hard an^ 
harsh, and howevei* well stroked or 
rubbed out, there will still remain tur¬ 
pentine enough to work out by d^roes, 
and spoil the varnishing, by causii^ it 
to run streaky or cloudy 
Miscellaneouu ^ceipU. 
Copal Varnish (Spirit). — 1. Melt 
in an iron pan at a slow hetdi, oopel 
gum, powdered, 8 puts, and add baliam 
capivi, previously warmed, 2 parts, 
i Thui remove from the fire, and add 
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spirits of turpentine, also wanted be¬ 
forehand, 10 parts, to gire the neces¬ 
sary consistence. Qum copal is made 
more soluble in spirits of turpentine 
by melting the powdered cru<le gum, 
and allowing it to stand for some time ! 
loosely covered. ! 

2. Pounded co])al, 24 parts ; spirits ' 
of turpentine, 40 ; c.imphor, 1. 

3. Copal in >^der, 16 parts ; cam- ; 
phor, 2 ; oil of lavender, 90. l)i88olvo | 
the camphor in the oil, heat the latter, j 
and stir in the cojial in successive { 
l^ortions until complete solution takes ^ 
{dace. Thin with sufficient turpentine , 
to make it of proper consistence. | 

4. Coar8ely-[)owdcredcopalandglaB8, i 

of each 4 oz. ; alcohol of 90 percent., I 
1 pint; camphor, ^ oz.; lieat it in a 
water bath so that the bubbles may , 
be counted as they rise, observing fre¬ 
quently to stir the mixture; when | 
cold decant the clear. Used for pic- ; 
tures. I 

5. Copal melted and dropped into { 
water, 3 oz. ; gum sandarach, 6 oz. ; 
mastic and Chio turpentine, of each, 
2| oz. ; powdered giws, 4 oz.; alcohol 
of 86 per cent., 1 cjt. ; dissolve a 
gentle heat. Used for metal, chairs, 
etc. 

White Copal Varnish. —4 oz. copal, 

I oz. camphor, 3 oz. white (hying j 
oil, 2 oz. essential oil of turpentine. ' 
Reduce the copal to powder, mix the | 
camphor and drying oil, then heat 
it on a slow fire, and add the oil of 
turpentine, and strain. 

Copal Varnishes for Fine Paint- 
Fuse 8 lb. of very clean pale 
Atncan gum copal, and when com- ; 
pletely fluid, pour in 2 gal. of hot oil; 
let it boil until it will string very i 
etzxmg; and in about fifteen minutes, j 
or wl^e it is yet very hot, pour in 3 
of turpentine. Perhaps, during I 
the mixing, a considerable quantity of 
^ turpentine will esoap, but the 
varnish will be so much the brighter, 
transparent, and fluid; and will work ! 
freer, diy quickly, and be very solid 
and durable when dry. After the 
vamiih has been |tr^^, if it is found 
too thick, before K ii quite cold, heat 


as much turpentine and mix with* 
It as will bring it to a proper consist¬ 
ence. 

Artists* Virgin Copal. —From a 
select parcel of scraped African gum 
copal, pick out the fine transparent 
pieces which appear round and pale like 
drops of crystal; break these small; 
dry them in the sun, or by a very gentle 
fire. Afterwards, when cool, bruise 
or pound them into a coarse powder ; 
then procure some broken lx>ttle8 or 
flint glass, and boil the same in soft 
water and soda, then bruise it into 
coarse powder like the gum; boil it 
a second time, and strain the water 
from it, washing it with three or four 
waters, that it may be perfectly clean 
and free from^grease or any impurity ; 
dry it before the fire, or upon a plate ; 
set it in an oven. When it is thor¬ 
oughly dry, mix 2 lb. of it with 3 lb. 
of the powdered copal; after mixing 
them well, put them into the gum-pot 
and fuse the gum; keep stirring all 
the time; the glass will prevent the 
gum from adhering together, so that 
a veiy moderate fire will cause the gum 
to fuse. When it appears sufficiently 
run, liave ready 3 qt. of clarified oil, 
very hot, to pour in. Afterwards let 
it boil until it strings freely between 
the fingers; and mix it rather 
hotter than if it were body-vamish; 
pour in 5 qt. of old turpentine, strain 
it immediately, and pour it into an 
open jar or large glass bottle; expose 
it to the air and light, but keep it 
both from the sun and wet, and from 
moisture, until it is of a sufficient age 
for use. Tlus is the finrat copal var¬ 
nish for fine paintings or pictures. 

Q,uiek Drying Body C<^al Vamxsk. 

8 lb. of the best African copd, 2 gal¬ 
lons clarified oil, | lb. of ^ed sugar 
of lead, 34 gallonB of turpentine; 
boiled till string, and mixed and 
strained; 8 lb. of fine gum aoime, 2 
g^ons clarified (»1, | lb. of wmte 
copperas, Sf gallons of turpenUne; 
boiled as before; to be mixed, and 
strained while hot, into the other pot. 
Thrae two pota mixed together will 
dry in six hours in winter, and in lour 
2x2 
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in summer; it is very useful for var* 
nishing old work on colours. 

Best Body Cvpol Varnish for Coach 
Makers, —^se 8 lb. of fine African 
gum copal; add 2 gal. of clarified oil; 
boil very slowly for four or five hours, 
until quite stringy; mix off with gal. 
of turpentine; strain off, and jwur it 
into a cistern. 

Cabinet Varnish. —Fuse 7 ib. of 
fine African gum copal, and pour in 
half a gal. of clarified oil; in three or 
four minutes after, if it feels stringy', 
take it out of doors, and mix with it 
3 gal. of turpentine; afterwards strain 
it, and put it aside for use. This, if 
properly boiled, willdiy in ten minutes, 
but if tw strongly boiled will not mix 
at all with the turpentine ; and, »or/uj* 
times, when boiled with the turpentine, 
will mix, and yet refuse to amal(;amato 
with any other varnish less boiled than 
itself; therefore it requires a nicety 
which u only to be lemmed from prac- 
tice. This varnish is chiefly intended 
for the use of japanners, cabinet paint- 
and coach painters. 

Carriage \AVim&H.--Q,ukk Drying. 
lb. of fine pale gum anime, 2 gal. 
of clarified oil, gallons of turpen¬ 
tine ; to be boiled four hours. This, 
after beii^ strained, Is put into the 
two fcffmer pots, and well mixed 
together; its effect is to cause the 
whole to diy quicker mid firmer, and 
enable it to take the polish much 
sooner. 

Common Body Va/mish for Car¬ 
riages.—8 lb. of the best African 
copal, 3 gallons of clarified oil, 3^ 
gallons of turpentine; boiled four 
hours, or until stringy; mixed and 
strmned, will produce about r>| pilous. 
8 lb. of the best gum anime, 2 gallons 
of clarified ml, gallons of turpentine; 
boiled as usual; mi^ed and stndned 
hot, emd put into the former pot of 
African gum varnish. Puttwopotoof 
this anime varnish to one of copal; it 
will dry quicker and harder than the 
best body coj»l, and will polish very 
soon, but not wem* either so well or so 
loM. 

Jest PaU Oirriaye Varmik .—6 lb 


of 2nd sorted African copal, 2| gal¬ 
lons of clarified oil; boil till very 
stringy. | lb. of dried copperas, J lb. 
of litharge; 5h gallons of turpentine; 
strained. 8 lb. of second sorted gum 
anime, 2^ gallons of clarified oil; lb. 
of dri^ sugar of lead, | lb. of liihvge; 

gallons of turpentine; mix with the 
first while hot. This vm*nish will dry 
hard, if well boiled, four hours in 
summer, and six in winter. As its 
name denotes, this is intended for the 
varnishing of the wheels, sowings, and 
carriage parts of coaches, chaises and 
so on; also it is that*’ description of 
varnish wliish is generally sold to and 
used by house painters and decorators, 
os from its dr^ng quality and strong 
gloss it suits their general purp(»es 
well. 

Second Carriage Varnish .—8 lb. 
of 2nd sorted gum animi; 2| gallons 
of fine clarified oil; garllons of tur¬ 
pentine ; J lb. of litharge,} lb. of dried 
sugar of lead, \ lb. of dried copperas; 
boiled and mixed as before. When 
three runs are poured into the boiling 
pot, the r^lar pi'oportion of driers 
put in, and well boUed, this vumish 
will dry hard and firm in four hours in 
winter, and in two in summer; it is 
principally intended for vamisbing 
dark carriagework or black japan, and 
is also used by house punters for dark 
work. 

Wainscot Varnish (1) 8 lb. of 2nd 
sorted gum anime, 3 gallons of clarified 
oil, \ lb. of lithar^, ^ lb. of dried cop¬ 
pers, I lb. of dried sugar of lead, 5| 
gallons of turpentine; to be all well 
boiled until it strings very strong, and 
then mixed and strained. Where 
large quantities are required, it will 
always be found best to boil off the 
three runs in the boiling pot. This 
varnish is principally intended for 
house painters, grainera, builders and 
japanners: it wiU dry in two hours in 
summer, and in four in winter. 

Mahogany Vahnisb (1) ii either 
made in the same proportions, wiUi a 
little darker gum ; otherwise it » 
wainscot varnish, with a small portion 
of gold sise. 
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(2) Put in a Itottle 2 oz. gumvsanda- 
rach, 1 oz. shellac, | oz. gum lienga- 
mio, 1 <». Venice turpentine, and a 
pint of spirits of wine. Colour red, 
with dragon’s blood, or yellow with 
saifron. Stand in a warm spot till 
gum dis«(dve8, when strain for use. I 

Ambeh Oil Vabnish. —It is prob¬ 
able that amber makes the best weu-- 
ing varnish, but it ie wanting in elM- 
ticity, and should the wood swell or 
warp, or the metal expand and contnvet 
the varidsh must sutler. The ushal 
|rt-oportions are 1 i)art of yellow amber 
(ma<Iv: soluble^ 1 part to parts of 
i)oiled linseed oil and 1 to 2 parts of 
turpentine. The least oil makes the 
}j(»t wearing varnish but the least 
elastic, while the greater the oil the 
more elastic the varnish is, but tke 
special wearing quality is decreased. 
The varying q\iantity of turpentine 
does not afl’ect the quality, it is used 
according to whether the varnish is 
required stitf or very fluid. 

Elasticity in varnish usually being 
a desirable quality, the wearing value 
of amber can be obtained in a consider¬ 
able degree with elasticity by making 
the following mixed varnish. 

Amber and (Jop<il Varnish ,—1 part 
amber (solubilised), 1 l>art copal, 
2 parts Iwiled linac^ oil, 4 parts tur¬ 
pentine. All by weight. 

Pale Amber Varnish .—Fuse 6 lb. 
of fine-picked, very jialc, transparent 
amber in the gum-pot, and jwur in 2 
gallons of hot clarified oil. Boil it 
until it strings very strong. Mix with 
4 gallons of turpentine. This will be 
as fine as lx)dy copal, will work free, 
and flow well upon any work it is ap¬ 
plied to; it becomes very hard, is dur¬ 
able, and is excellent to mix in copal 
varnishes, to give tiiem a liard and 
durable quality. Amber varnish will 
always require a loi^ time before it is 
ready for polishing. 

Dammar Vabkibh.— Qum dammar, 
10 parts; gum sandarach, 5; gum 
mastic, 1. Digest at a low heat, ooca- 
lioittlly shaking with spirits of turpen- 
20 parts. Add spirits of turpen¬ 
tine until of the consistence of syrup. 


Mastic Varnish.—1 pint spirits of 
turpentine, and 10 oz. of the clearest* 
gum mastic. Set it in a sand bath till 
it is all dissolved, then strain it 
tlirough a fine sieve, and it is ready 
for use; if too tliick, tliin with spirits 
of turpentine. 

Linseed-Oil Varnish. —^Boil linseed 
, oil, 60 parti<, with litharge, 2 parts, and 
I white vitriol, 1 part, encli finely jhjw- 
! den-Hl, until ail water is evaporated. 
Then set by. Or, rub up borate of 
manganese, 4 jKirts, with some of the 
oil, then add linseed oil, ^000 parts, 
and heat to boiling. 

Turpentine Varnish.—( a)To 1 pint 
of spirits of turpentine add 10 oz. clear 
resin pounded ; put in a tin can on a 
stove, and let it 1 )olI for lialf an hour. 

■ When the resin is all dissolved, let it 
] c<»ol, and it is reiwly for use. 

I (li) Turpentine varnish consists of 
i 4 lb. common (or bleaclicd) rosin dis- 
, 8oh'e<l in I gal. oil of turpentine, 
i under sl^ht warmth. It is used for 
{indoor painted work, and also to add 
to otlier varnishes to give tlxem greater 
body, liardness, and brilliancy, 

I Oak Varnish. Cheap.—(1) Clear 
pale resin, 11^ Ib. ; oil of turpentine, 
1 gal.; dissolve. It may be coloured 
I darker by adding a little fine lamp¬ 
black. 

(2) 10 gal. l)oiled oil substitute, 2^ 
gal. clarifierl linseed oil, 3 gal American 
turps, 30 lb. ground amber resin. 
Have both the oils boiling, run down 
the resin, add the boiling oils, cool 
down and then add the turpentine. 
Strain. 

Hard Ckvrch. —(1) 10 lb. boiled lin¬ 
seed oil, 11 lb. American turps, 3 lb. 
medium gum kauri, 4^ lb. dark gum 
kauri. 

(2) 16 lb. gum kauri, run this and 
mix with 6 ga^. of linseed oil. Boil 
until it strings well. Allow to cool, 
then add 12 gal. of tu^ntine. This 
is best suited for interior work. 

Quick ,—4 lb. boiled linseed oil, 24 
lb. American turpentine, 17 lb. dark 
gum kauri. 

jPof-c.—(1) For good cabinet work. 
24 lb. gum copal. Run this and inix 
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with 9 gal. of linseed oil. Add | oz. 
each of litharge, dried copperas and 
dried su^ of lead. Well boil the 
whole, then allow to cool and thin 
with 18 gal. of turpentine. Strain. 

(2) 36 lb. gum kauri, 12 lb. copal, 

4 lb. litharge, 10 gal. raw linseed oil, 

9 gal. turpentine. 

jDark.—13lb. gum kauri, 1 lb. flake 
litharge, 1 lb. sulphate of zinc, 3 gal. 
raw linseed oil, 2| gal. turpentine. 

Copol Varnishes. —(1) Best Body 
Copal Varnish. — Fuse 8 lb. fine 
African gum copal; add 2 gal. clari¬ 
fied oil. Boil very slowly for 4 or 

5 hours till quite stringy, and mix 
with gal. turpentine. This is 
used for the body part of coaches, and 
for other objects intended to be 
polished. The above makes the palest 
and beat copal varnish, po8se.ssing groat 
fluidity and pliability, but it is very 
slow in drying, and, for months, is too 
soft to polish. Driers are therefore 
added, but they are injurious. To 
avoid the use of driers, gum animi is 
used instead of copal, but it is less 
durable and becomes darker by ^e. 
The copal and animi varnishes are 
sometimes mixed; 1 pot of the latter 
to 2 of the former for a moderately 
quick drying varnish of good quality, 
and 2 pots of animi to 1 of the copal 
for quicker drying varnish of common 
quality. 

CouicoN Varnish. —(a) This romish 
is intended for protecting surfaces 
against atmcmpheric exposure. It has 
been used for coating wood and iron 
work with great advantage. Take 
3 lb. of lesin and powder it, place it 
in a tin can, and add 2^ pints of spirits 
of turpentine, well am^e, and let it 
stand, occasionally shaking it, for a 
day m* two. Then add of boiled oil 
fiqt., well shake together, and allow it 
to stand in a warm room till clear. 
The clear portion is decanted and used, 
or iceduced with spirits of turpentine 
un^ o! the proper consistence. 

(b) Digest shellac, 1 part; with 
alcohol, 7 or Sjparts. . 

G0L0URi.ss8VAaNUH,iMtA.$%e22ac.— i 
Dibolve 2^ oz. of shellac in a pint of ' 


rectified spirita of wine; boil for a few 
minutes with 5 oz. of well-burnt and 
recently-heated animal chmxc«l. A 
small portion of the solution should 
then be filtered, and if not colourless, 
more charcoal added; when all the 
colour is removed, press the liquOT 
through a piece of silk, and afterwards 
filter through fine blotting paper. 
This kind of varnish should be used 
in a room at 60®^., perfectly free 
from the least dust. It dries in a few 
nunutes, and is not liable afterwards 
to chill or bloom. It is particulwly 
applicable to drawings and prints that 
have been sized, and may be advan¬ 
tageously used upon oil paintings which 
are thoroughly hard and dry, as it 
brings out the colours with the purest 
effect. 

Hard Swrit Varnish. Whiu .^ l . 
Qum saudarach, 1 lb. ; clear turpen¬ 
tine, 6 oz.; rectified spirits (65 over 
proof), 3 pints; dissolve. 

2. Mastic, in tears, 2 oz.; sanda- 
rach, 8 oz. ; gum elemi, 1 oz.; Ohio 
turpentine, 4 oz.; rectified spirit (65 
over proof), 1 qt. Used on meta^; 
polishes well. 

3. Gum mastic, 4 oz.; gum juniper, 
^ lb. ; turpentine, 1 oz.; spirits of 
wine, 4 pints; mix together. 

4. White hard spirit vamibh may 
be made by dissolving lb. gum 
sandarach in 1 gal. spirits of wine; 
when solution is complete, add 1 pint 
pale turpentine and shake well to¬ 
gether. 

Bromt. —1. Sandarach, 4 oz.; pale 
seed-lac, 2 oz.; elemi, 1 oz. ; aioohol, 

1 qt. ; digest with agitation till dis¬ 
solved, then add Venice turpentmCf 

2 oz. 

2. Qum sandarach, 3 lb.; shdlao, 
2 lb. ; rectified spirit (66 over proof) 
2 gal. ; dissolve, add turpentine var¬ 
nish, 1 qt.; agitate well and strain. 
Very fine. 

3. Seed-lac and yellow resm, of 
each U lb.; rectified sprit, 2 gal. . 

4. Gum junipor, 6 oz.; riMlko, 
6 oz.; salt of tartar, } oz.; Venioe 
turpentine, oz., and 4 j^ta of 
spirits of wine mixed together, 
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5. Brown liard spirit varnish is 
made like the white, but shellac is 
substituted for the sandarach. It will 
bear polishing. 

Whitk Varnish.— 1. Tender copal, i 
7A oz. ; camphor, 1 oz. ; alcohol of 
95 per cent., 1 qt. Dissolve, then 
add mastic, 2 oz. ; V enicc turpentine, I 
1 oz. Dissolve and strain. Very white, 
drying, and c^ble of being polUhed : 
when hard, tbftd for toys. ! 

2. Sandarach, 8 oz.; mastic, 2 oz.; j 
Canadii balsam, 4 oz.; alcohol, 1 'qt. 
Rectified spirits of wine, 1 (jl.; gum 
sandarach, lO^z. ; gum mastic, 2oz. ; 
gum auime, ^ oz. Dissolve in a clean 
can, with gentle heat. Agitate well 
when the gums are dissolved ; strain 
through a lawn sieve. 

Dark Varnish for Lioht Wood¬ 
work. —Pound up and digest shellac, 
16 parts ; guiu sandarach, 32 ; gum 
mastic, 8 ; gum elemi, 8; dragon’s 
blood, 4 ; anuatto, 1, with white tur¬ 
pentine, 16 ; and alcohol, 256. Dilute 
with alcohol if rc()uired. 

Soft Brilliant Varnish.— Sahda-: 
rach, 6 oz.; elemi (geuuiue), 4 oz.; i 
anime, 1 oz.; camphor, ^ oz.; rectified i 
spirit, 1 qt. ; as before. j 

Skalino-wax Varnish.— Dissolve 
sealing-wax in spirits of wine, and 
apply the solution (well shaken up) 
with a soft brush ; the spirits of wine 
will evaporate, leaving an even coating ' 
of sealing-wax. { 

Qrben Transparent Varnish.— i 
Grind a small quantity of Chinese blue 
and chromate of potash together, and 
mix them tho^ol^;hly in common c^l 
varnish thiuned with turpentine. The 
blue and the chromate must be ground | 
to an impal{»ble powder, and the tone ! 
of colour varied with the amount of 
each ingredient used. A yellow-green 
requires about twice the quantity of 
■ the chromate of potash to that of the 
Chinese blue. j 

Aniline Varnishes.— Prepare a ! 
spirit varnish dksolving sandarach i 
in spirits of wine, and add to tMs the 
anilme colour previously dissolved in 
spirit. Intense colouia may be ob¬ 
tained. The objects should be warmed, 


and, if possible, they should be dipped 
in the varnish. 

Golden Varnish.— {«) Pulverize 1 
drachm of saffian and | drachm of 
dragon's blood, and put them into 1 
pint spirits of wine. Add 2 ot. of 
gum shellac and 2 drachms of Socotrine 
^oes. Dissolve the whole by gentle 
heat. Yellow painted work varnished 
with tills mixture will appear almost 
equal to gold. 

(6) Digest shellac, 16 parts ; gum 
sandarach and mastic, of each 3; 
crocus, 1 ; gum gamlx^e, 2; all 
bruised, with alcohol, 144. Or, digest 
seed-lac, sandarach, mastic, of each 
8 parts ; gamboge 2 ; dr^on's blood, 

I 1; wliite turpentine, 6; turmeric, 

I 4 ; bruised, with alcohol, 120. 
j Boiling Water, to Resist.— Un¬ 
seed oil, U lb. ; amber, 1 lb. * lithtuge 
puiverisea, 5 oz.; white lead pulveris^, 
5 oz. ; minium, 5 oz. Boil the linseed 
oil in an untinned copper vessel, and 
suspend in it the litharge and the 
miuium in a small bag, which must 
not touch the bottom of the vessel. 
Continue the ebullition until the 
oil has acquired a deep brown colour; 
then take out the 1^ and put in a 
clove of garlick; this is to be re¬ 
puted seven or eight times, the 
ebullition being always continued. 
Before the amber is added to the oil, 
it is mixed with 2 oz. ctf linseed oil, 
and melted over a fire that is well kept 
up. When the mass is fluid, it is to 
be poured into the linseed oil; this 
mixture is to be boiled and stirred 
continually for 2 or 3 minutes; after¬ 
wards Alter the mixture, a nd p reserve 
in bottles %htly corked. When this 
varnish is used, the wood must be 
previously well polished, and covered 
. with a tUn coat of soot and spirits of 
turpentine. When this coat is dry, 
some of the varnish may be applied, 
which should be distributed dually 
on every part with a small fine sponge. 
Tins operation ui to be repeated 4 
beii^ always oueful tfiat eacdi coat be 
dried first. After the last ooat 
I of varnish, the wood must be dried in 
I an oven and afterwards polished. 
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Table Vabnish.— (l)Oil of turpen¬ 
tine, 1 lb.; beeswax, 2 oz.; colophony, 
1 d^hm. (2) Dammar resin, 1 lb.; 
spirits of turpentine, 2 lb.; camphor, 
200 grains. Digest the mixture for 
twenty-four houra. The decanted 
portion is fit fur immediate use. 

Furniture. —1. Shellac, IJ lb.; 
naphtha, 1 gallon; dissolve, and it is 
re^y without filtering. 

2. Shellac, 12 oz.; copal, 3 oz. (or 
an equivalent of varnish); dissolve in 
1 gallon of naphtha. 

3. Shellac, Ib.; seed-lac and 
suidarach, each 4 oz.; mastic, 2 oz.; 
rectified spirit, 1 gallon ; disaulve. 

4. Shellac, 2 lb.; benzoin, 4 oz.; 
spirit, 1 gallon. 

5. Shellac, 10 oz.; seed-lac, sanda- 
rach, and copal varnish, of each 6 oz.; 
benzoin, 3 oz.; naphtha, 1 gallon. 

To diurken, benzoin and dragon's 
blood are used, turmeric and other 
colouring matters are also added ; and 
to make it ligliter it is necessary to use 
bleached lac, though some endeavour 
to give this effect by adding oxalic acid 
t) the ingredients ; it, like gum arable, 
is insoluble in good spirit or naphtha. 
For all ordinary purposes the first form 
is best and least troublesome, while its 
appearance is equal to any other. 

White .—White wax, oz.; oil of 
turpentine, 1 pint; dissolve by a | 
gentle heat. Or white wax, 6 parts; I 
petroleum, 48; applied to the work { 
while warm, dlowed to cool, then 
polished by rublfing with a coarse 
cloth. 

Coach M.vkbrs’ Black Varnish.— 
Gum amber 16 oz.; malt in ^ pint of 
boiling hot linseed oil: add 3 oz. of 
asphaltum, and 3 lesin; mix thor¬ 
oughly over a fire, and add when 
cooling 1 pint of oil of turpentine 
slightly warm. , 

Asphalts Varnish.— Boil coal tar 
until it shows a disposition to harden 
on cooUng; this can be ascertained by 
rubbing a little on a piece of,metal. 
Then a^ about 20 per cent, of lump 
asphalte, stirring it with the boiling 
coal tar until all the lumps ara melted, 
when it can be allowed to cool and 


kept ^or use. This makes a very 
W^ht varnish for sheet metals, and 
is cheap and durable. 

Ironwork, Varnish fob. —(1) Dis¬ 
solve in about 2 lb. of tar oil, 4 lb. of 
asphaltum, and a like quantity of 
pounded resin, mix hot in an iron 
kettle, care being taken to prevent 
any contact with the flame. When 
cold the varnish is roady for use. This 
varnish is for out-d^r wood and iron 
work. 

t2) The following is recommended 
by Matheson as very effective : 30 gal. 
of coal tar, fresh, witl\all its naphtha 
retained; 6 lb. tallow; I 4 Ib. rosin ; 

3 lb. lampblack ; 30 lb. fresh slaked 
lime, finely sifted—mixed intimately 
and applied liot. When hard, this 
varnish can be painted on by ordinary 
oil paint if deshed. 

(3) Fuse 3 lb. JCgyptian asphaltum ; 
when it is liquid, add } Ib. shellac 
and 1 gal. turpentine. 

Varnish for Iron Patterns. — A 
good varnish for iron is made as fol¬ 
lows : Take oil of turpentine and drop 
I into it, drop by drop, strong commer¬ 
cial oil of vitriol; the acid will cause 
I a dark syrupy precipitate in the oil of 
turpentme; keep adding drops of 
vitriol until the precipitate c^es 
taking place, then pour out the liquid 
and wash the syrupy mass with water, 
and it is ready for use. Heat the iron 
to be varnished to a gentle heat, apply 
the syrupy product and allow it to 
dry. 

Ironmrk jS/aci.—Put 48 Ib. of 
foreign aspl^tum into an iron pot, 
and ^il for 4 hours ; during the first 
2 hours introduce 7 Ib. of red-lead, 
7 lb. of litharge, 3 lb. of dried copperas, 
and 10 gal of l)oiled oil; add one 8 -lb. 
ran of dark gum, with 2 gal. of hot 
oil. After pouring the oil and gum 
continue the boiling 2 hours, or untU 
it will roll into hard pills, like japan. 
When cool, thin it off with 30 gw. of 
turpentine, or until it is of a proper 
consistence. 

Iron and iSZcrf,—Dissolve 10 
of clear grains of mastic, 5 camphor, 
1.^ sandarach, and 5 of rfemi, in t 
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sufficient quantity of alcohol, an4 apply kept at least eix months before it is 
without heat. used. 

Black Japan is made after the Another Black Japan is made ly 
manner of the gold size. Put 6 gal. putting into the set pot 48 lb. of 
of raw linseed oil into the set pot; M Naples asphaltum; as soon as it fa 
it with a very slow fire. Have a melted, pour in 10 gal. of raw linseed 
10-gal. ca«t-ii*on i)Ot, with two handles oil. Keep a moderate fire, end fuse 
or ears ; lliis pot will fit into the plate 8 lb. of dark gum anime in the gum 
of the boiling furnace, into which put pot: mix it with 2 gal. of oil, and 
10 lb. of Egyptian asphaltum, and pour it into the set jKit. Afterwards 
keep under it a«goo(l regular fire all fuse 10 lb. of dfirk or sea amber in the 
the time of fusion. During the time i iron pot. When it appears completely 
the asphaltum is fusing, have 2 galrof i fused, {wur in 2 gal. of hot oil, and 
oil getting hot to mix it wnth as soon ' jKmr it inU) the set jiot; continue the 
as it is suffici^itly melhsl. After it lulling for three hourh longer, and 
fa oiled, leu\e it on the fire alniut ten i during tliat time introduce the same 
minutes ; then pour it into the set quantity of driers as before directed ; 
pot. Carry it out of doo^^, and with | draw out the fire, and let it remain 
a handful of liay or straw clear it out, ' until morning ; then boil it until it 
and afterwards wash it out with tur- ^ r(»lls liard ; leave it to cool, andofter- 
pentinc washings, and dry it with a | wanls mix with turpentine. This 
i-ag. Proceed ami finisl/threc more jai)an will appear in colour like the 
.se|»ral,e runs like the first, until there i other ; but when applied on work, it 
are four runs in Ihe set i)ot, that fa, | will dry more hard, compact and gl(»ty, 
40 Ih. of asphaltum and M gal. of raw j and will not rub down or polish so 
linseed oil; then introduce exactly , soon as the other, which fa occasioned 
the same driers as for the gold size, j by the toughness and durability of 
and in the same maimer. Keep a ' the amber. 

regulai, but moderate fire, so tliat the ! Brunswick Black. Id an 

boiling continues at a moderate heat ] iron pot, over a slow fire, boil 45 lb, of 
for four liours from the last run being foreign asphaltum for at least 6 hours, 
poured in the set pot; then ilraw, and and during the same time boil in 
put out the fire for that day. Next another iron pot 6 gal. of oil wluch 
morning, as soon as it can be brought has been previously boiled ; during 
to a boil, trj’ it upim a bit of gloss ; the boiling of the 6 gal. introduce 
if it but strings strongly, it will not 6 lb. of litharge g^u^ly, and boil 
do; it must be boiled so strong that until it feels strini^ between the 
when a piece is pinched from off the fingers; then ladle it into the pot 
glass, after it has been left to cool, it containing the boiling asphaltum. 
will roll into a hard pill between the Let both boil until, upon tri^, it will 
finger and thumb. When it forms roll into hard pills; then cool, and 
haM, and scarcely sticks to the fingers, mix with 26 gal. of tuiyentine, or 
it fa then boiled enough. Put out the until it is of a proper consfatence. 
fire, as directed before. Leave it one Common. —Put 28 lb. of common 

hour and a half before mixing. Wlten black pitch, and 28 lb. of common 
cold enough, mix it with 30 gal., at asphaltum mad*> from gas tar, into an 
least, of turpentine, and strain it. If iron pot, boil both for 8 or 10 houre, 
it fa too thick when cold, heat and which will evaporate the gas and mofa- 
introduce as much turpentine as will ture ; let it stand all night, and eu‘ly 
bring it to a proper consistence. The next morning, as soon as it boils, put 
japan will dry in 6 hours in summer, in 8 gal. of lulled oil; then introduce 
and 8 in winter. It fa principally in- gradually 10 lb. of red-lead and 10 lb. 
tended for and used coach makers, of litharge, and boil for 8 hours, or 
japannera, or punters, and should be until it will roll very bard. AVhen 
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ready for mixing, introduce 20 gal. of 
turpentine, unt^ of a proper consist¬ 
ence. Tiiis is intended for engineers, 
founders, or ironmongers; it dry 
in half an hour, or less, if proper^ 
boUed. 

Black Varnish fob Straw Hats.— 
B^t black sealing wax, | oz.; rectified 
spirits of wine, 2 oz. ; pow<fer the 
sealing wax, and put it with the spirits 
of wine into a phial, digest them in a 
sand bath, or near a fire till the wax 
is dissolved ; lay on waina with a fine 
soft h^ brush before a fiie, or in the 
sun. 

Polished Metal, Varnish for.— 

1. Take bleached shellac, pounded in 
a mortar ; place the bruised fragments 
into a bottle of alcohol until some 
shellac remains undissolved; agitate 
the bottle and contents fr^uently, 
and let the whole stand till clear; 
pour off the clear fluid. Tliis forms 
the varnish. Warm the metal surface 
and coat with a camel-hair brush. If 
not perfectly transparent, warm the 
varnished surface before a fire or in an 
oven until it b^mes clear. Common 
orange shellac answers equally well, 
and for laige surfaces even better, as 
it is more soluble than the bleached 
variety, Mid coats more perfectly, but 
care must be taken not to use the 
varnish insufficiently diluted. 

2. Digest 1 part of bruised copal in 
2 parts of absolute alcohol; but as this 
varnish dries too quickly it is prefer¬ 
able to take 1 part of copal, 1 part of 
oil of rosemary, and 2 or 3 parts of 
absolute alcohol. This gives a clear 
varnish as limpid as water. It should 
be applied hot, and when dry it will 
be found hu^ and durable. 

3. Mix equal quantities of Canada 
balsam with very clear spirits of tur¬ 
pentine, until the wlv>le is of the con¬ 
sistence of ordinary varnish, which 
can be determined constantly 
shaking and allowing to settle. This 
may be applied wi^out warming the 
varnish or the metal. 

Gilt Abtxoles. — Gumlac, 126 
parts ; gamboge, 125; dragon’s blood, 
125,; annatto, 125 ; saffron, 32. Dis¬ 


solve ^ach resin in 1000 parts 1^ 
measure, of absolute alcohol; two 
I separate mixtures must be made with 
the dragon's blood and annatto, in 
I 1000 parts of such alcohol; and a 
' proper proportion of each should be 
added with the gamboge to the varnish, 
according to the shade of colour re¬ 
quired. 

Silver. — Gum elemi, SO parts; 
white amber, 45 ; ck^rcoal, 80; spirits 
of turpentine, 375. Used in a heated 
sthte ; the metal to which it b to be 
appli^ being also heated. 

1 Waterproof Good§.— Let a \ lb. 

! of india-rubber, in small pieces, soften 
in A lb. of oil of turpentine, then add 
2 lb. of boiled oil, and boil for 2 hours 
overaslow fire. When dissolved, add 
6 lb. of boiled linseed oil, and 1 lb. 

' of litharge, and, boil until an even 
. liquid is obtained. Applied warm. 

India-rubber Varnish.—( 1) 2 oz. 
india-rubl)er, finely divided, placed in 
a phial, and digested in a sand bath, 
with \ lb. of campheue, and | oz. of 
naphtha. When dissolved, add 1 oz. 
of copal vamlsh, which renders it more 
, durable. 

2. Digest in a wide*mouth glass 
bottle 2 oz. of india-rubber in shavings 
with 1 lb. of oil of turpentine, durii^ 
two days, without shaking, then stir 
I up with a wooden spatula. Add 
I another Ib. of oil of turpentine, and 
' digest, with frequent fetation, untD 
! all is dissolved. Mix lA lb. of this 
; solution with 2 lb. of white copid-oil 
' \iuiiisb, and 11 lb. of boiled linseed- 
oil shaKe and digest in a sand-bath 
until they have united into a good 
’ varnish. 

I 3. 4 oz. india-rubber in fine shavings 
' dissolved in a covered iar by means of 
a* sand bath, in 2 lb. of cru^ benzole, 
and then mixed with 4 lb. of hot Hn- 
seed-oil varnish and ^ lb. of oO of tur¬ 
pentine. Dries well. 

{ Gas Balloons. —^Take india-rubber 
and dissolve it in 5 times iU wei^t 
of spirits of turpentine, keef^ Um 
some time t(^etber, then bdl 
1 pvt of this solution witii 8 pi^ 
boiled linseed’oU for a few minuies, 
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strain and set aside to cool. It must 
be applied warm. 

Gutta-pbroha Varnish.— Clean a 
quarter of a pound of gutta percha in 
warm water from adhering impurities, 
tlry well, dissolve in 1 lb. of rectified 
resin oil, and add 2 lb. of linseed-oil 
varnish, l)oiling hot. 

Glass. — Pulverise a quantity of 
gum adragantj^and let it dissolve for 
24 houra in tlieawhite of eggs, well 
beat up; then rub it gently on the 
glass with a soft brush. * 

uffcd when Aaid EtcMnff 
on h'Aws.—I%e8t in turpentine 2 oz. 
wax, ^ oz. jwtplialte, and 1 oz. mastic. 

Black Lkatukr Varnish. — (1) 
Durable leather varnish is coinpo»e<l 1 
of boiled linseed oil, in which a drier, 1 
such as litharge, has l)een boiled. It | 
is coloured with lampblack. Thisvar- j 
nwh is used for making enamelled ! 
leather. (2) Digest shellac, 12 parts ; 
wliite turpentine, 5: gum siindanwh, 

2 ; lampblack, 1; with spirits of tur¬ 
pentine, 4; alcohol, 90. 

To Imitate UKorKD Glass.— 

Sandanieh .... 18 parts 

Mastic.4 ,, 

Ether. 200 „ 

Benzole ... 80 to 100 „ 

Violins. — (1) Coarsely-powdered 
copal and glass, each 4 oz. ; alcohol, 
64 o.p., 1 pint; camphor, | oz.; heat 
the mixture with frequent stirring 
in a water bath, so that the bubbles 
may be counted as they rise until 
solution is complete, {md when cold 
decant tiie clear poHion. When oil 
varnish is it is made as for 
ArHst’s Virgin Copal: 

(2) When varnishing a new violin, 
an important detail u the preparation 
of the surface. First go over it with 
1 ^ 0.1 glass-paper to it from all 
scratches, after which lightly sponge it 
over with a sponge slightly damp with 
water. When the surface is dry it 
will be found to be quite rough, and 
this requires taking oil* with No. 0 
glaM-paper. Smooth it well, then 
damp agun, and when dry, rub quite 


smooth once more. The wood is now 
ready for colouring and varnishing; 
but it is not desirable to sbun the 
woodwork of violins, as better results 
are obtained by using a coloured var- 
nisli. Take 1 pint of good copal varnish 
and 1 gill (J pint) of turpentine. Heat 
these very carefully over a dull fire (a 
water-bath is best) letting them get 
scalding hot. Test the heat, or it may 
get high enough to fire the mixture. 
Varnish over tlie W'hole of the wood¬ 
work with this, using a stiff brush and 
rubbing it well in. Wliile it is wet 
; take a \m\ of cotton wool covered with 
[ tine cotton or linen rag, moisten this 
withl turiientiue, and then rapidly 
clean oil' jis much of the -vamiBh from 
the violin as possible. Now prepare 
an alcohol varnish as follows :—Take a 
gill of methylated spirit and colour it 
with red sanders wood and turmeric. 
Take aitother gill of spirit and dissolve 
1 oz. of gum sandaracb in it. Mix the 
two lots together and add one table¬ 
spoon of ^'cnice turj)entine and 1 oz. 
of wliite shellac. Vi'hen all are dis¬ 
solved and incorporated filter through 
very fine muslin. This makes an elastic 
viumish of assistance to the tone and 
affording the deep amber colour always 
desu-ed. Use a full-sized camel h^ 
brush for laying on this varnish, work¬ 
ing length-ways of the instrument, but 
avoiding going over the same place 
twice or making streaks. It is a quick 
drying varnish. Four oats are de¬ 
sirable, rubbing down with finest pum¬ 
ice ponder and water, applied with a 
woollen rag, after each (xxA. After 
the last coat of viunish is on, maki^ 
a good body, rub down with pumice 
powder and water, then thoroughly 
clean off all pumice and cfu«fuUy dry 
all parts. For the final poUiih use 
tripoU and wa^r, or crocus and linseed 
oil on a r^, and then rub smarmy with 
the ball of the hand. The result 
should be a glossy sur&oe giving every 
satisfaction. 

(8) He-varnishing a violin is a 
cess Identical with that just desoruied 
i except that the first process is to aand- 
poper tl^e old vuiiiw and colouring 
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entirely off. When the wood is quite of isinglass in water» and when dry 
bare proceed as with (2). apply the Tarnish with a camel-hair 

(4) To varnish a viol^ a self colour brush, 
the wood surface is prepared as in (2), Paintings and Pictures. — 1. 
or in the case of an old violin the var- Honey, 1 pint; the whites of 24 fresh 
nish and colouring already on must be eggs ; 1 oz. of isinglass, 20 gr. of 
sand-papered off as with (3). When ’ hydrate of potassium, | oz. common 
this is done apply the first coat of j siut; mix together over a gentle 
copal varnish and turpentine and rub heat of 80° or 90^ F. ; be careful 
this off (as already explained), then not to let the mixture remain long 
m^e a spirit varnUh without the enougli to coagulate^the albumen of 
colouring matter (turmeric and red the ; stir the mixture thoroughly, 
Sanders) and apply this. Four coats then little. Take one taldespoonful 
is considered the least numl)cr for good of the varnish and add to it half a 
results, and each coat must be allowed j tablespoonful of good oikof turpentine, 
to get quite hard, then be rubbed j then spread on the picture as soon as 
down, before applying the next. After i mixed. 

the last ccxit rub down as with the | 2. Digest at a slow heat gum sanda- 

preceding coats, theu polish with ' rach, 2 {larts ; gum mastic, 4 ; balsam 
rouge (or crocus) aud linseed oil, finish- j capivi, 2 ; white tur{>entine, 3; with 
ing with the ball of the hand. Putty I spirits of turpentine, 4 ; and alcohol 
powder or wheat Hour can be used ' 50-56 parts, 
when the last hand polish is taking 3. Boil 5 parts bitter apple, 
place. from the seeds and cut, with r^-water 

Prints, Engra\tng8 or Maps. —1. 50 parts, down to onc-lialf. Strain 
Boil Ohio turpentine till brittle, puw- and dissolve iu the li(|uor gum arabic, 
der and dissolve in oil of turpentine. 8 ^rts; rock cand); 4 ; and add 1 of 

2. Canada Ixilsam and clear white alcohol. Let it stand for some days, 
resin, of each 6 oz., oil of turpentine, and filter. 

1 qt. ; dissolve. 4. Pure linseed oil, to which a suudl 

3. Digest gum sandarach, 20 parts; quantity of sugar of lea<l, ground fine, 
gum mastic, 8 ; cauiphor, 1; with lias been added. 

alcohol, 48. The map or engraving 5. Take equal quantities of linseed 
must previously receive one or two oil and oil of turpentine, thicken by 
coats of gelatine size. exposure to the suii and air until it 

4. Mastic J^iature Faniish.—Dis- >>ecomes resinous aud half evaporated, 

solve (cold) 5 lb. gum mastic in 2 gal. theu add a portion of melted beeswax, 
of turpentine. Varnishing pictures should always 

5. Afap —Dissolve (cold) be performed in fair weather, and out 

2} lb. gum (Umrnar in j gal. of tur- of any current of cold or damp air. 
pentine. Lac-watku Varnish.—P ale shellac, 

6. CryaUiJ Varnuh for En{jraving$. 5 oz. ; borax, 1 oz. ; water, 1 pint. 

Equal parts of pale Canada balsam and D^est at nearly the Itoiling point HU 
reotifie<l oil of turpentine. dissolved, then strain. An excellent 

7. Crystal Paper Varnish. —5j^ lb. vehicle for water colours, inks, etc., 

gum dammar, 1 gal. turpentine. and a varnish for prints is made thus 

8. Paper Varnish for (General Pur- of bleached lac. Whendry,iti8tnns> 
poses. —7 lb. No. 1 gum dammar, 2 parent and waterproof. 

lb. colophony rosin, gal. turpentine. Transeer Varnish, for Diaphame, 

CotouRED Drawings.—C anada bol- Engravings, cfc.—1. Pale Canada bal¬ 
sam, 1 oz.; spirits of turpentine, 2oz. sam and rectified oil of turpentine, 
Mix them together. Before this com- equal parts. 2. Mastic in tears Mid 
position is applied, the drawing or sandarach, each 4 oz. ; rectified spirit, 
print should be sized with a sedution 1| pints; dissolve, and add pale 
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Canada balsam ^ pint. Melt tke bal* 
sam with a gentle heat, mix with the 
other ingredients and ^tate violently. 
No. 1 ie also termed Cryiial TamiaA. 

Gold or Silver Paints. — Mix 
together 1 amyl acetate, I gal. 
benzol, | gal. acetone. In this dis* 
solve 10 oz. of pyroxyline (celluloid). 
Add the metallic powder. 

BooKBiNDhiiii’ Varnish.—( a) 6 oz. 
mastic, in drops; 8 oz. coarsely- 
pounded glass, separated from the dust 
by a sieve ; 82 oz. s]>iriU> of wiii^ of 
40®. Place the ingredients in a sand 
bath over a krc, and let them boil, 
Ftimng tliem well. Wlien thoroughly 
mixed iutrtKiuce 8 oz. spints of turpen¬ 
tine, boil for half an hour, n^niove 
from fire, cool and strain through 
cotton cloth, (h) 8 |rints of spirits of 
wine of 40® ; b oz. saudarach ; 2 oz. 
mastic, in drops ; 8 oz. shellac, and 
2 oz. Venice turpentine. Prepare as 
for (a). Apply lightly on the book 
with a piece of cotton wool, a small 
sponge or a brush. 

Japanner’s Gold Size.—To 
make 40 gal. of gold size, put 10'^;;al. 
of oil into the iron set ]iot, Fig. 284, 
make a good fire under it, and boil for 
two hours ; then introduce 7 lb. of 
dry red-lead, 7 lb. litliarge, and 3 lb. 
of copperas, by sprinkling a little at a 
time', let the oil keep lioiling all the 
time, not in too great a heat. During 
the time of putting in the driers, keep 
stirring them from the bottom of the 
pot, and have the large inm ladle ready 
to cool it down if it should appear to 
rise too high; have also at hand an 
empty pot—the copper boiling pot wHl 
do—into which immediately ladle port 
of the boiling oil, if it cannot other¬ 
wise be kept in the pot, while the 
aasistant is damping the fire with wet 
fdfted ashes, of which tliere always 
ought to be a wheelburowful at band, 
in case of an accident. 

When the oil has Iwiled about three 
houre, and the driers are all in, fuse 
in the gum-pot 10 Ib. of gum anime ; 
and during the rime of fusing, heat 
2 gal. of raw linseed oil in the cop|>er 
pouring jack, placing it on the 


plate of the gum furnace. After the 
oil has been poured to the gum, and> 
as soon as it appears boiled clear, take 
the gum-pot from the fire ; let it cool 
for a few minutes, then pour it into the 
oil in the set pot. Wash out the gum- 
pot, and proceed with another run in 
the same way, 

\\ hen both runs of gum are in the 
set {)ot, there are altogether 14 gal. of 
1 oil, 20 lb. of gum, imd 17 lb. of driere ; 
increase and keep up a r^ular fire in 
front of the furnace, that it may be 
drawn out in a moment if it should be 
necessary. The gold size will soon 
throw up a frothy head on the surface, 
which must be kept down by con¬ 
stantly plying with the ladle when it 
is likely to rise within four inches of 
the |K)t-edge. In about five hours 
from the loginning of the oil boiling, it 
will Income stringy ; but the boiling 
must continue until it bangs to the 
ladle, appears quite stringy, yet drops 
in lumps. When tried upon the gl^, 
if it feels sticky and strings strongly, 
tlicn it is boiled enough. Draw out 
the fire, sprinkle it with plenty of 
water; leave not a spark of fire in the 
varnish house—not even a lighted pipe 
of tobacco. 

While the maker is cooling down 
the pot, let the asdstant have ready 
at the door 30 gal. of turpentine, fill 
the pouring pot ready, and have all 
the doors open. Endeavour to (»x>l 
it as fast os possible, as it will require 
at tlie least one hour and a quarter 
after the fire lias been put out before 
it will be ready to mix. When the 
mixing commences, continue the pour¬ 
ing without intermission, until all the 
froth at the surface disappears, never 
stirring it until the turpentine is all 
in. If pouring in tlie turpentine has 
commenced wj^e it is too hot, there 
will be a great loss of turpentine by 
evaporation ; but that will not injure 
the quality of the gold size. 

Phu:e the canying tin close to the 
side of the pot, lay on the tin saddle, 
and stnuu off as quickly as possible. 
W1ien all tke gold size is out, ^ur into 
the set pot about 3 gal. of turpentine 
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ivishixigs, and with the swish, wash 
down the pot as quickly as possible; 
and if the pot is still so hot as to 
ewkporate the turpentine, ladle it out 
into the washings again, and pour in 
about three gal. ofraw linseed oil; and 
with a palette knife scrape it all round, 
washing and cleaning it down with a 
until it is quite cleansed all round, 
then ladle out the oil, and wipe it ; 
completely clean and dry. The gold ; 
size ought to dry in from fifteen to ! 
twenty>five minutes, and in fourteen 
days it is ready for use. Experienced 
makers can make gold size that will 
dry in five minutes, but that requires ‘ 
great practice. | 

Photo^aphic Varnishes.—A I 
solution of shellac in methylated spirit 
forms the basis of varnish, and a sim* 
pie varnish so made will answer for all 
rough work ; but where delicate re* 
suite are wanted, it must be paler in 
colour, and for this purpose use! 
*' bleached shellac. ” Bleached shellac ' 
disaolved in spirit, however, is not 1 
nearly so hard and tenacious as that i 
from the orai^e shellac. A good strong ! 
coating of it is readily scratched by the | 
fii^er-njul—a contretemps so likely to i 
o(»ur in printing that such a varnish 
cemnot be recommended. White shel- 
lac is made by dissolving ordinary sheb 
lac in caustic alkali, and then treating 
the solution with chlorine, which at 
one and the same time decolorises and 
precipitates it. This process, though 
It pr^uces a pale rosin of great value 
for many economical purposes, causes 
the resin to lose many of th<»e proper* 
ties that specially fit orange lac for use 
in photographic vwnaish. One of the : 
peculiarities of white lac varnish is tiie j 
frequency with which it dries into a : 
multitude of fine ridges, which no | 
rookii^ of the plate to and fro during 
draining and di^ng will prevent. But j 
for piienesB of colour in the coating 
obtained from it nothing can be better, 
1 ^ in’a mixture of the two resins— 
that is, the bleached and the un* 
UMched^the objectionable qualities 
of both seem eithw covered orgreatly 
minimised. This mixture in suitable 


proportions constitutes the chief part 
of the vfiunish recommended. 

Experimenters with “ bleached,*' or 
as it is often called, ‘'white lac,” 
must know that unleie it be properly 
stored it practically loses its soluoility 
in spirits of wine ; and many cases of 
foilure in varnish-makiog are caused 
through the purchaser being supplied 
with a sample that had .become insolu* 
ble. Of course thi£' would not be 
likely to occur in a place where the lac 
was m great demand; but many of our 
readers live in plam where photo¬ 
graphic—indeed, any race—chemicalB 
are most difficult to get, and when ob- 
tunable are not always in good condi¬ 
tion. However, in the case ef white 
lac, where the experimenter is ignorant 
of the appearance it should present, he 
can easily test a small quantity if he 
luive any doubt in the matter. It 
should be crushed or pounded into 
small pieces before adding to tbe s^niit, 
as even in the best samples a large pro- 
portion entirely insoluUe always exists, 
and a clear solution must not be ex¬ 
pect. Its solulnlity or the reverse is 
soon discovered by noticing whether 
the small particles begin to disinteg¬ 
rate, as it were, or retun their shaip 
outlines. 

A good indication of insolubfiity is 
the outer layer of the round pieces or 
sticks turning semi-transjnrent.. The 
plan usually adopted to prevent this 
change taking place is to keep tlie 
bleached lac in the du'k and covered 
with water, when, if it remain to 
covered, it will ret^n its solubility in 
spirit for a lengthened period. 

The third and Inst ingredient in this 
varnish is sandarach. It is well known 
by varnish-makers tliat, when rerins 
are mixed uid “blended,” the char¬ 
acter of the solution or vamiih is not 
by any means of necessity an averags 
of the charactero of the resins taken 
separately, and such is the case with 
eandaracL This resin taken by itself 
gives a varnish that is quite useleii 
from its brittleness, but when added 
to a shellac varnish it confers a portion 
of its own quality of brightness of sur- 
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face, which it possesses in a high 
d^ree, but does not, in moderate quan* 
tity, tend to make it “rotten.” 

The formula for a varnish devised on 
the principles above enunciated is as 


follows:— 

Palest orange shellac . . 2f oz. 

Bleached lac . . . f)^ oz. 

Saudarach.| oz. 

Methylated spirit . . . 1 qt. 


Bruise the bleached lac till reduced 
to small pieces. Powder the sandara^, 
and then add the whole to the spirit, 
putting in a fe^ small pieces of glass 
to prevent the shellac caking at the 
U>ttum of the jar; stir or well shake 
the whole from time to time, till it is 
evident tliat solution is complete. All 
that is then necessary is to set aside to 
clear, pour off tlie clear, supernatant 
fluid, and filter the rest. It is best to 
allow a month or two for subsidence, 
for. the insoluble part occupies so lai^e 
a space that much waste through eva> 
poration, etc., is caused if an unneces¬ 
sarily lai^e quantity be passed through 
the filter. 

(2) Quick-drying Varnish for Ferro¬ 
types.—A very good and hard varnish 
us^ for negatives which have to stand 
far more haiidlmg than a ferrotype is 
composed of equal pmds of white hard 
spirit varnish and alcohol. Warm the 
plate, and apply as collodion, pouring 
off the superfluomi (ivumtity ; slightly 
warm again, and on cooling, which 
takes pl^ in a minute or two, a fine 
hard coat of varnish will be found—so 
hard that it can scarcely be scratched 
with the finger-nail. The process used 
for ferrotypes is very similar to that 
for glass positives, with the exception 
that a special kind of collodion should 
be used so as to produce a thin deposit 
with considerable detail. 

(3) Elastic Dammar Vamish.~An 
elastic flexible varnish for paper, which 
maybe applied without previously siz¬ 
ing the aitide, is prepared as follows: 
Gniab transparent and clear pieces of 
dammar into small grains; introdure a 
oonveuient quantity—«ay 40 gr.—into 
a flask, pour on it about 6 oz. acetone, 


aod expose the whole to a moderate 
temperature for about 2 wedcs, fre¬ 
quently shaking. At the end of this 
time, pour off the clear saturated solu¬ 
tion of damm^ in acetone, imd add, 
to every 4 parts varnish, 3 of rather 
dense collo^on; the 2 solutions are 
mixed by agitation, the resulting 
liquid is allowed to settle, and pre- 
' served in well-closed phials. This 
! varnish is applied means of a soft 
I beaver-hair pencil, in vertical lines. 

I At the first application it will appear 
as if the surf^ of the paper were 
! covered with a thin white ssin. As 
; soon, however, as the varnish has be- 
i come dry it presents a clear shinit^ 
surface. It should be applied in 2 or 
3 layere. This varnish retains its 
gloss under all conditions of weather, 
and renuuns elastic; the latter quality 
adapts it specially to topc^raphicd 
crayon drawii^ and maps, as well as 
to photographs. ('Fhi^. Central- 
halle.’) 

(4) For Prints.—Heat a pieceof glass, 
and rub a little wax over it with a Ut 
of cotton-wool. Pour water over the 
plate, and press the picture down upon 
it with a piece of filteiing paper. When 
dry, the picture is remov^, and will be 
found to possess a brilliant surface. 

Bemovmp Vaxniak from 
Prints.—1. Begiu at the comer of 
the print by rubbing up the varnish 
with the ^gers; a fine white dust 
will be produced, which is the dry 
old varnish; proceed all over the 
print, and wipe ofi this white dust 
with a rag. Repeat until the print 
has lost most or all of the old 
vamuh. Now strain the print on 
a drawing-bcArd, size with we^ parch,- 
ment size ; when dry, size again with 
the same size; use the size half chilled; 
when perfectly .dry, apply mastic or 
other varnish. 

2 . lAy blotting-paper on the prbt, 
and saturate wim pure spirit, which- 
^ will dissolve, and the blotting-pmer 
absorb the varnish. Change the uot- 
ting papw, and repeat as often as may 
be nee(uul. 

I Etohikq Vabnishes.— White wax, 
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2 oz. ; black and Burgundy pitch, of ' 

each § oz. ; u^elt together; add by 

degrees powdered asphaltum 2 oz., and VENTILATION 

boil till a drop taken out on a plate 

will break when cold, by being bent PRINCIPLES AND METHODS, 
double two or three times between the 

fingers*; it must then be poured into (a) The following is extracted from 
warm water and ma<le into sinall balls a valuable paper, read by Arthur liigg, 
for use. C. E., before the lioyiU Society of Arts. 

Hard. —Jdnseed oil and mastic, of I The movements of hrge volumes of 
each 1 oz. ; melt together. air for purposes of summer or winter 

Soft, —Soft linseed oil, 4 oz, ; gum voetilatioii may be carried out gene- 
benzoin and white wax, of eacli J oz. ; rally in three diderent ways, already 
l>oil to two-thii'ds. noted :— 

1. By vacuum (<lraw^'ng air out of a 
room). 

2. By plenum (forcing air into a 
nx)m). 

3. By a combined plenum and 
vacuum system. 

Furthermore, admission of fresh air 
may take place— 

(d) At the floor of a room. 

(i) At, or near, the top of a room. 

(c) At interme^te levels. 

Where special exits fur foul air are 
provided, these may be situated at the 
top of a room for ascending currents, 
or at the floor of a room for the de¬ 
scending current system of ventilation. 

The three systems of working with 
the six variations in admission or 
extraction of air give possibilities of 
great variety in tlie arrangements, 
which is very fortunate, as no liard 
or fast line can be maiutained, for 
every position requires its own special 
consideration; and once the correct 
general principles ore firmly rooted in 
people’s minds, their application to 
suit every variety of condition is com¬ 
paratively a simple matter. 

Vacuum System.— This, the 
commonest system of ventilation, 
when applied to large halls, requires 
a powerful suction ventilator, generally 
fixed in the top of a room ; and usually 
no provision whatever is made for aa 
adequate supply of fresh air, conse¬ 
quently cold air is sucked undemee^ 
doors, flooding the floor with a layer 
of low temperature; also through 
cracks and crannies, causii^ hl fr 
velodty draughts, wl^h travel great 
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distances, and produce any amount of 
discomfort and injury to health}. 

In ordinary dwelling-rooms the fire 
acts like the ventilator in ^rawing air 
out of dwelling rooms. As a rule, the 
first draught of importance is that 
under the doorway, while leaky win¬ 
dows contribute their quota, and an 
altogether surprising amount of air is 
drawn through the solid walls. In an 
ordinary living-room, with a fireplace, 
an almost ideally perfect system of 
ventilation can l)e carried out by ad¬ 
mitting fresh air in divided streamsiato 
the upper parts of such rooms, where it 
may mix with the warmer strata it 
finds there an</ gradually descend and 
pass away eventually up the cliimney. 

Innumerable buildings and large 
assembly rooms are ventilated on the 
pure vacuum system, and there is not 
a town of any minlerate size in the 
kingdom which cannot furnish ex¬ 
amples of this most barbarous arrange¬ 
ment. In Loudon we have the School 
Board, and numerous schools; and 
nearly all the theatres come in the 
same category. Then such places m 
the Umted Service Institution theatre 
excel in the perverse ingenuity which 
does not allow a single sq. yd. of its 
area to l)e free from draughts; also 
such places as Prince’s Hall, Picc^illy, 
the new “ Empress ” Rooms, and other 
places such as the meeting-rooms used 
by the British Association in the 
several towns they visit, and hosts of 
assembly rooms are deluged witli cold 
air in tUa unscientific fashion. Some 
times, however, special inlets are pro¬ 
vided for admission of fresh air in con¬ 
siderable volumes. When such inlets 
are made in the form of the well-known 
Tobin tube it is found that part of the 
air makes straight for the ventilator; 
wlule the remainder, having no velo¬ 
city, tumbles in cold masses, by the 
action of gravity, upon the heads of 
the audience. Moreover, as there is 
no intimate mixture of the fresli 
supply with that already in the room, 
some parts of the room have their air 
unmoved and left in a condition of 
complete stagnation, 

4 


Tobin Tube.—Fig. 289 represents 
a section, and Fig. 290 an elevation 
of a Tobin tube, at the Royal Institu- • 
tion, Alberaarle-ntreet. It is of the 
most modem design and proportions, 
and its vertical fiat inlet lube measures 
12 in. by 3 in. Its total height above 



the tloor is 5 ft. 3 in. The outlet is 
20 in. wide at the back, and 16 in. at 
the front, with a seven in. wide open¬ 
ing at the top ; provided with a thin 
wire netting as cover. 

Thus the sectional! oa : 

. > , I / — 3u so. In. 

area for uuet .) ^ 


And the sectional 
area for outlet. 


‘'}=I33„ „ 


A current of air rising up the tube 
would have its velocity reduced in the 

proportion of i increased to J by 

frictwn (approxilnately'), when treated 
as a current of air. When a tube of 
this character is applied to a room filled 
with warm air, there would not be 
sufficiently high velocity to cause it to 
rise among a volume of air poeseesing 
greater heat, and leas specinc gravity 
2 F 



434 


Ventilation : Plenum System. 




Tx 


consequently, cold douches would fall 
upon the heads of those who happened 
to be sitting underneath or near to this 
inlet of fresh and cold air. The inten¬ 
tion in this apparatus seems to be to 
destroy most of the velocity which the 
current would otherwise possess on 
entering the room, and it is not easy 
to see why such an object should have 
been put forward by the designer, 
unless, perhaps, it was from a desire 
to counteract 
some of the ten¬ 
dency of the venti¬ 
lating arrange¬ 
ments in the roof 
to absorb all the 
cold air coming 
from the Tobin 
tube before it 
could servo the 
intended purpose. 

Boyal S o- 
ciety of Arts 
Ventilator.— 
Fig. 291 represents 
a section of the 
ventilating ar¬ 
rangements of the 
Royal Society of 
Arts room.* This 
system was de¬ 
signed by Mr. E, 
C. Robins, the 
architect, and it 
occupies all the 
north side, and 
about half of the 
eastern side. It 
cousiats of a kind 
I'to. iui. of dado, placed 
5 in. in front of 
the wall and standing 10 ft. high—on 
the north side, five inlets below,led up 
a^ain outside, admit air from the street, 
direct to the 5-inch space between the 
dado and the wall. Hot-water pipes 
are provided to warm the incoming air, 
quite independently of the hot-water 
pipes which warm the air already 

* TUe nnm sbsra with ibe United Service 
loatitH^loD the nnenviable repuutlon of being 
one tbe drMgbdeet public rooni la London. 
(Esnoa). 




, in the room. The inlet openings are 
I 10 ft. above the floor, covered with a 
I somewhat close grating 6 in. wide, and 
I along the whole (northern) side of the 
; room, and also along the portion of the 
eastern side, which latter is illustrated 
i by Fig. 291. The grating for this 
portion measures II ft. long by 6 in, 
wide, of which area about one-half is 
! closed by the grating bars. There is 
I only one inlet grating provided for this 
11 ft. long outlet, avi it measures 24 
i in. by 12 in., with a clear area of about 
! 21^ sq. in.; inlet to room, clear area 
I about 400 sq. in. ; so the same object, 
^rendering the velocity ^ith which the 
I air enters the room, seems to have been 
! present in the mind of Mr. Robins 
j when he designed tliis arrangement. 
What with tortuous inlets, olatructive 
I hot-water pipes and other hindrances, 

I the ratio between clear inlet and clear 
outlet must be greater than the propor¬ 
tion of one to two. The air will fall as 
shown by the arrow on Fig. 291, and 
that it works at all is more due to the 
operations of the law of difl'usion of 
gases than to the design itself. 

The Plenum System.— By the 
plenum system, pure and simple, fresh 
air is forced into the room at any con- 
I venient locality, so no stagnant places 
i need occur; and “ foul" air finds its 
way out by open doors, windows, or 
leakages; in fact, tlirough the very 
openings wliereon advocates of the 
vacuum system rely for providing 
their supply of fresh air! The plenum 
system is independent of winds and 
weather; and indeed each system is 
essentially the opposite of the other. 

Combined Plenum and 
Vacuum System.— By the com¬ 
bined operation of plenum and vacuum, 
considcrahie volumes of fresh air can 
be forcwl into a room, and a oorre- 
] spending quantity can be extnutedby 
a ventilator, situated generally on the 
I roof. 

I But by whatever method a suj^ly 
I of fresh air enters a room, thoe ore 
i two grand divisions in which its dis*.. 
' posal can be arranged— 
i 1. As a general upward flow, ftOlB ’ 
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floor to celling, or roof, and ou^ at the 
top. 

2. Ah a general downward flow, from 
ceiling to floor, or roof to floor, and 
out at the floor. 

It is differences in temperature, 
corresponding to differeuces in weights, 
that cause gravity to give movement 
to air all over the globe ; and, so long 
as the air in an assembly-room is cold, 
it is easy to s€ft ^hat the breath will 
ascend if directed upwards, or descend 
when directed downwards. As the 
temperature of any assembly-room 
rises the differences become less, and 
the watery vajJour condenses on win¬ 
dows and walls, or else sinks down, 
and would find its own exit were it 
not disturlwd by strong currents of 
air due to the patent extractor on the 
roof, wliieh is often quite strong 
enough to interfere wHli the action of 
natural laws. 

Human Ijeings are <losigned so as to i 
live a great jxirt of their lives in build- 
IngB, or sheltered places, so the dircc- | 
tion allotted to their ex^wllud breath ; 
is downwards ; but Imraes and other ! 
animals inlendod al^^'ays to live in the' 
open air, and ulotiied accordingly, 
expel the breatii from their nostrils 
sideways, as well as downwards. Both 
these arrangenients un; hints given by 
nature, which we should do well to 
consider, for they will not lead us 
astray, like an incomplete tljeory, and 
we learn that the simple law that hot 
air rises and cold air falls, must not, 
be accepted without reservation. In- i 
deed, it is this law, so stated, wluch 
in matters concerning ventilation, lies 
at the root of the thousand and one ' 
failures we see about us. Moreover, i 
this theory cannot account for a single 
example of a room or liall ventila^ 
without draughts, due mainly to an , 
exbauBtei in the roof. 

For what they may be worth, 
‘‘authorities” of equal importance 
can be quoted in favour of upwanl 
ventilation or of downward ventila¬ 
tion but in this, as in all other 
Kientiflc questions, it is the eternal 
laws of nature that we have to study 


and ascertain, without any servile 
deference to “ authorities ” who, after* 
all, are only fallible human beings like 
ourselves. 

While it is quite true that hot air 
ascends, because bulk for bulk it is 
lighter than cold air, it is also true 
tliat carbonic acid gas, discharged from 
the lungs, is half as heavy again as air 
of corresponding temperature; and 
the feeble force whereby air may be 
caused to ascend cannot prevail for 
long against the heavier carbonic acid 
gas which falls to the ground while 
cooling, and obviously ought to be 
extracted there to rest near the earth, 
and feed the grasses of the field. 

In reganl to the ventilation of 
buildings it is too often assumed tliat 
there is no ha}>py medium between 
that of breathing air utterly foul and 
a system so profoundly scientific that 
by no chance shall any part of the air 
that has been once breathed enter the 
lungs. 

The common-sense system mixes 
fresh air with tliat wliich has been 
breathed, or may be breathed again, 
and it does this without draughts or 
appreciable inconvenience, while the 
over-scientific system sends large 
vo umes of cold or heated de-vitalis^ 
air into the room, and expects the 
forceful, irregular currents to travel 
in all sorts of ingenious ways that no 
independent currents would ever be 
likely to follow under any natural ■ 
impulse. 

The most promising foundation 
system for a proper and perfect venti¬ 
lation is found in the Tobin tube, or 
Mr. Hoey 8 arrangement, or the plan 
DOW working at the Royal Society of 
Arts. But in all such examples, the 
minor details and general proportioQS 
are hopelessly wrong. The out-door 
inlet-gratings possess an area very 
muck leas than tke outlets in the 
room, for the avowed purpose of re¬ 
ducing the discliarge velodty into the 
room; consequently, much of the 
fresh air (which is drawn in by the < 
suction of an exhauster in the roof) 
travels directly out through this ez« 
2 V 2 
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hauster; conferring but little benefit 
to the audience. Fortunately, how¬ 
ever, some scattered portions of air 
mix by the laws of difiusion, while 
there are other portions which tumble 
out of the wire grating or mouthpece 
of the apparatus, thus causing those 
persistent draughts for which the Tobin 
tube and, in a less degree, the appa¬ 
ratus in this room are ^mous. 

Very little alteration would be 
necOMary to greatly improve this 
apparatus; indeed, almost to make it 
a pattern for copying elsewhere. In 
the first place, a fan or other apparatus 
should be added, so as to regulate the 
amount of fresh air admitted, accord¬ 
ing to the season and the audience. 
As mechanical power would thus be 
avulable, the effects of contrary winds 
n^ht be neglected. 

Of course, the existing exhaust ven¬ 
tilation, and all the openings in the 
roof, should be closed ; as the system 
would be converted from a vacuum 
into a plenum system, and from an 
upward-flowing current into a down¬ 
ward-flowing current, having for its 
inlet a narrow slit ^ong the entire 
north, and along 11 ft. of the eastern 
side of the room. Entering air might, 
when necessary, be warmed in winter, 
and cooled in summer; and all vitiated 
^ (i.e. CO, and water) would pass 
out through openings below. 

A suite of rooms, erected in 1398 
at the Royal Botanic Society’s (har¬ 
dens, Regent’s-park, in London, has 
been provided with a system of natural 
ventilation, which the author considers 
as nearly as possible perfection, sub¬ 
ject, however, to the one defect of 
being interfered with by contrary 
win^. This building runs almost due 
north and south, and advantage has 
been taken of the prevailing winds 
(which are south-west and north-east) 
to apply the inlet arrangemente to 
hoik sides of the buildin g , so that one 
or other can be relied upon. Of course, 
it would have been deurable to have a 
to make sure of a suitable current, 
but this could not be done, as no 
motive-power was available. 


This suite of rooms consists of— 

Entrabice-ffail. — 21 ft, 6 in. by 

17 ft. and 18 ft. high (not specially 
ventilated).' Heated by two ra^tore, 
each 21 in. diameter by 3 ft. high. 
Lighted by three Welsbach gas incan¬ 
descent burners. 

Bratmng-Room.—22 ft. 6 in. by 
26 ft. and 18 ft. high. Ventilated by 
three ventilators on west side only. 
Heated by one radiatoo on north side 
4 ft. by 3 ft., one oh east side 4 ft. 
b> ft., and one on west side 4 ft. by 
2 ft. 5 in. L^hted by seven Wels- 
bacb incandescent gas burners. 

Library .—22 ft. 6 in» by 17 ft. and 

18 ft. high. Ventilated by two venti¬ 
lators on west tude only. Heated by 
one radiator on east side 4 ft. by 3 ft., 
and one on west side 4 ft. by 2 ft. 
6 in. Lighted by two Welsb^h in¬ 
candescent gas burners. 

Dining or BaU’Itooiii .—30 ft. by 
46 ft. and 18 ft. high. Ventilated by 
ten ventilators, five in east and five 
in west sides. Heated by six radiators, 
each 4 ft. 7| in. long by 2 ft. 6 in. 
wide. Lighted by twelve Welsbach 
incandescent gas burners. 

Cafd.SQ ft. by 36 ft. and 18 ft. 
high. Ventilated by four ventilators, 
two on east and two on west side. 
Heated hy two radiators, each 4 ft. 

2 ft. 6 in. Lighted by six ordinary 
gas burners. 

A section of the dining or ball¬ 
room is given by Fig. 292; and a 
section of one ventilator to a large 
scale is shown by Fig. 293. The room 
is 18 ft. l^h from floor to ceiling, and 
the roof is barmetically sealed, ^ving 
no openiigB whatever. No speciu 
provision is made for the exit of CO. 
from below, as the doors and usual 
cracks and crannies are found to be 
sufficient. 

The room is lighted by twelve Weis- 
bach incandescent gas burners, so there 
is a considerable amount of heat to be 
disposed of. Fresh air is admitted by 
ten inlete, five being on each side. 
These are set at about equal intervals 
apart along the room, fuid 2 ft. below 
the springing of the roof, or ceiling. 
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Each inlet grating is provided with a 
gliding shutter, whereby the A-ea open 
can be regulated. Although the air 
bricks ” measure ll in. by 16 in. out¬ 
side, the clear area is but 30 sq. in. 
for each ventilator. The inlets to the 
room measure 16 iu. x 3 iu. = 48 sq. 
in., or one-third of a Sijuare foot, and 
when tested by an anemometer, the 
current varied considerably, generally 
reaching a spetd of 300 ft. per minute 


the draughts below, and the whole 
barbarous arrangements takes a toll of 
human life which it is perfectly appal¬ 
ling to contemplate. 

It would be impossible within the 
limited time allotted to any one paper, 
to enter into all the aspects of efficient 
ventilation, for each case must be 
separately considered. It is more of 
an engineer’s than an architect’s work 
to provide proper ventilating arrange- 



and sometimes the current reversed. 
The results of these arrangemeuts have 
been quite satisfactory, there is a com¬ 
plete absence of draughts, and of those 
cold douches of Arctic temperature 
which make so many assembly-rooms 
in town or country models of discom¬ 
fort and veritable death-traps. Most 
of such rooms are decorat^ with a 
lavish generosity, while no care what¬ 
ever is given to ventilation, scientihe 
or otherwise. Such rooms are con¬ 
tentedly supplied with a big hot-air 
extractor in the roof, which creates all 


ments, and several points may be 
expressed, in conclusion, giving the 
author's views upon this important 
subject. 

1. Ventilation should, as far as pos* 
sible, be carried out by the plenum, 
and not by tl;e vacuum system. 

2. Freeh air should be introduced 
as an upward current from openings 
above the heads of an audience, but 
not so high as the ceiling. It should 
be driven iu divided streams into the 
upper part of the room, so as to mix 
with warm air already travelling there. 
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8. Exits for carbonic acid, dust, and 
/atery vapour should be provided at 
>r near to the floor level, if required. 

4. The roof or ceiling of a properly 
ventilated chamber should be her* 
metically closed. 

6. Open windows should only be 
used during warm weather, never in 
winter. 
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6. As natural draughts cannot always 
be relied upon, fans, or a furnace, or 
other means of [inxlucing artificial 
draughts should be resorted to—when 
necessary. 

Local convenience, surrounding J 
buildings, and sources of pure air are j 
bound to require many modifications ' 
in arrangementH, and the general , 
priiicinios advocated in the present ' 
p iper are capable of an almost infinite 
Vfirijty in application. 

Volume ot Air Requirpd per 
in H>ooxiI8. —In the relative 
siaes of air ducts, etc., given further , 


on, the comparative areas for the inlet 
and ventilating sh^ts are included, 
and for residence work this may be 
worked to* without considering the 
number of people that may be occa¬ 
sionally gathered in a room. When, 
however, the work is in public phces, 
institutions, schools, etc., it is neces¬ 
sary to consider the number of occu¬ 
pants, and furnish a supply of new air 
and remove a volume pf vitiated air 
that amounts to so Inuch per head, 
lieierring again to residence work, or 
the like, there are u.nually brick-built 
chimneys to all the principal rooms in 
I a house, and these serve* excellently as 
i extract ventilating shafts, assuming 
I they have a normal up-draught in them. 
If, however, a house or place was 
■ lull expressly to be warmed by heated 
air, and chimneys were dispensed with, 
then ventilating shafts would have to 
be provided as a detail in the building 
construction, and the rule that is 
given a little later on should be worked 
to. Ordinary chimneys may be said 
never to err on the side of being too 
small to ventilate any room in a reei- 
dence, and it is only when ducts for 
the vitiated air have to be made or 
built expressly that their size must be 
calculated. 

When the extraction of cooled ahd 
vitiated air and the supply of new 
warmed air has to be calculated at per 
head, then the two following tables 
must be worked to:— 

Customary VoLUMiis of Aie 

ALLOWED PER PERSON IN INSTITUTIONS 

AND Public Places. 

Cubic feet 
per mtmiie. 

Schools, infants. . . . 28 to 80 

„ scholars of full size 80 „ 32 
,, dormitoriee . . 26 „ 28 

Workrooms, slight exertion, 

air not vitiated by the 36 „ 40 
trade followed . . . 

„ full exertion . 46 ,, 60 
Public hall'^, meeting rooms 85 

Ball rooms. 46 

Theatres, dining halls . . 35 

Hospitals, ordinary wardsl ic 

and rooms . . , , / * 
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VoLindB OF Aib, in Cubic* Feet, 
Extracted per Minute by a 
Ventilating Shaft • of One 
Square Foot Area. 

No allowance made for friction; 
deduct 36 to 60 per cent, for this, 
according to height and she of shaft. 


Height 


of Teinpfrat 

uri' nf 



Air etiterirg the v 

'fiitilaling .''hufl, 

Venn- 

above the Kxiciiiul 

Air 


luting 






* 

Shaft in 







Feet. 

60 

1 10° 1 

150 

20° 

26° 1 
1 

3(J° 

10 

llfi 

' 164' 

200 

235 

260 

284 

15 

M2 

202 

245 

284 

318 

348 

20 

164 

232 

2h5 

330 

368 

404 

26 

184 

260 

318 

368 

410 

450 

30 

201 

284 

347 

103 

460 

493 

36 

218 

■306 

376 

430 

486 

631 

40 

236 

'329 

403 

466 

61ii 

670 

46 

248 

■348 

427 

|493 

661 

606 

60 

260 

367 

460 

:51H 

670 

636 


It is requisite to mention that a 
ventilating shaft muKt have tiie same 
considcmtlon as a smoke Hue in regard 
to its upper termination. Although 
the table may show tliat a short shaft 
will meet the requirementH, still it 
must go to the top of the building and 
up above its highest ridge. If not, it 
will suffer with dowm-blow or retarded 
up'draught (when certain winds are 
blowing), the same as a fireplace chim¬ 
ney. A ventilating shaft must be 
considereti as a chimney in regard to 
its height and tlie conditions which 
ensure its Iwving a permanent up¬ 
draught of regular speed. 

If these shafts are built in brick¬ 
work during the construction of the 
building, they may be carried up sepa¬ 
rately and terminate eitlier singly or 
in stacks as brick chimneys do, but if 
a hot-air apparatus is installed in an 
existing building and the heating cngi- 
fteer to provide metal ventilating 
shafts, then it is the custom to connect 
several, or all of them, into one main 


shaft (which usually runs along or 
through the attic or roof space) and 
carry this up and out like a chimney.' 
It would not be possible, nor sightly, 
to carry a number of single metal 
tubes up through a roof. In certain 
DCcesBary coses a gas ring is put in the 
Iiasc of the main shaft to stimulate the 
drought, or a mechanically driven air 
propeller. 

Buies for Calculating: Bizet 
of Cold and Wann Air Ducts, 
Begisters and Ventilating 
Shafts.—liesidence or similar work 
only, in wliich each person has about 
400 cub. ft. of space. For institutions 
sec previous table. 

Heaters, 8 to 9 sq. ft. of heating 
; surface per 1000 cub. ft. of space in 
i tlie rooms to be warmed. 

Tins allows for a low temperature 
havtiug surface. Warm-air ducts to 
ground floor, 50 sq. in, area per 1000 
cub. ft. of space in the rooms to be 
warmed. 

Ditto, ditto, first floor, 40 sq. in. 

Ditto, ditto, second floor, 92 sq. in. 

Cold-air duct to stove chamber, 
three-fourths the total area of the 
warm-air ducts. 

Grating to cnid-air duct, if lined 
with wire gauze, double the area of the 
duct. 

Registers or gratings in rooms, 

. through which the warm air is de- 
^ livered, one-fourth greater area than 
the warm-air ducts which serve them* 
This ensures the gentle delivery of S 
ft. to 4 ft. of air per second, and caus¬ 
ing it to spread out os it enters. The 
urea of a register gratii^ is that of the 
open sjiacea in it. The metal portion 
averages one-fourth to one-thud, the 
latter most usually. 

Extract ventilating shafts or ducts, 
which carry off the cooled and vitiated 
air, ground floor 32 sq. in. area per 
1000 cub. ft of space in tdie room. 

Ditto, ditto, first floor, 40 sq. in. 

Ditto, ditto, second floor, 60 sq. in. 

Registers or gratings of ventilating 
shafts, the same area as the shaft, but 
j this area must be that of the open 
I spaces of the gratiug. The metal por- 
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tion averages one-fourth to one-third, 
the latter most usually. 

Areas of round pipes (for cellars) 
can be ascertained by deducting one- 
fifth of the area if square; thus an 
8 X 8 in. square pipe has 64 sq. in., 
while a round pipe of ft in. diam¬ 
eter would have nearly 51 sq. in. 

The following is a simple rapid table 
for round pipe: 


1 

DUox'tfr of 
l^aod Pipe.' 

' Will Serve 
a Ground 
Huor Uocm. 

Will Serve a 
First Floor 
Koum. 

ill. ; 

it. 

ft, 

8 1 

lOxU 

12x12 

9 

12x12 

12x1.') 

10 

12x1-1 

14x17 

11 

14x16 

16x18 

12 

15x18 

, 18x20 

1 


A 7-lQcb pips may us^d for rloak rooms, 
small batb room», etc. 


There now remains to be described 
a means of arranging for a hot-air 
apparatus to either heat a continuous 
stream of new air (as already described) 
or to partially or wholly heat and re¬ 
heat the air already existing in a place. 
In schools, places of worship, public 
halls, and the like, which have to be 
warmed some time before they are 
occupied, there is effected an economy 
in fuel and, particularly, an economy 
in time, if the apparatus is first devoted 
to heating the air contained in the 
place without heating a stream of new 
cold air all the time. It will Ije seen 
that there is no occasion for a full an<l 
constant change of air when the place 
is unoccupied, and the trouble expe¬ 
rienced in all public places which have 
to be heated up each time they are re¬ 
quired for use is the long time taken 
in getting the required warmth. 
Again, there w places which have a 
vising number of occupants, and if 
tlie ventilating arrangements are suited 
for the TnuTitnum number, there is no 
reason why ^lis should not be checked 
andthecoDtainedair partially re-heated 
w^en the number of occupants is 


I much Ijelow the maximum. This eco- 
{ nomises fuel and labour. 

In some experiments carried out to 
ascertain the best and worst points at 
which registers might be fixed, w'hich 
were conducted in a small room—a 
model schoolroom—the warmed air 
was made visible by smoke. The 
best results were obtained with the 
registers both on one side of the room, 
as just recommended- * Air intrmluoed 
at a greater velocity than usual might 
' aJtor these results, but in w’arm-air 
work the velocity should never exceed 
5 cub. ft. per second, while 3 ft. to 4 
ft. is decidedly betl!er, as already 
stated. 
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Vinegars. _ 

(a) To buflhel of malt add 10 , 
gal. of water at 170® F. (or closely I 
thereabouts), stir for half an hour, then 
strain offtlie clear liquid. Put another 
10 gal. of water to the malt and pro¬ 
ceed as with the last. Lastly, put 
6 gal. of water* te the malt and treat 
this the same, 'rtiis quantity of water 
will then have exhausted the mijlt. 
Mix the 25 gal. of liquor and cool as 
quickly as possible to 70° F. Add 
yeast, stirred tn, and cover the pan. 
Allow to ferment for 30 to 36 hours, 
then carefully strain off the wort and 
fill it into casks. These must not be 
filled more three-quarters full. The 
casks are set on their sides, as a 2-in. 
hole (or several smaller holes) must 
be l>orod in each end (alwve the line 
of the liquor) to allow air to enter 
freely. Let the csasks be put in a 
cool, airy place for the acctification to . 
take place. The latter will take from 
four to six months, and on completion 
the liquor, now vinegar, is filtered. 
This U a slow process, but yields a 
good result. A quick process is os 
follows. 

(6) Take a sound cask or barrel and 
prepare it as follows. Put a false 
bottom in, this bottom to be bored 
with holes. On this perforated bottom 
put Iiard wood hhaviiigs, preferably 
beech. Near the top insert another 
perforated partition, but in the per¬ 
forations of this one fit short lengths 
of glass tulte to stand up about an inch 
above, and in tliese tulies put some 
cotton wicking so that liquid will only 
pass through slowly, drop by drop. 
A tube to dischai^ the vinegar 
automatically, it being a siphon, 
will act each time the vin^r rises 
(in the cask) as high as its neck. 
Around the space between the false 
bottom several holes are bored to admit 
lur. These holes must, of course, be 
above the neck of the siphon. The 
shavings should be boiled previous to 
putting them in the cask, or they may 


be put in the cask first and boiling 
water poured through until it comes, 
away clear and colourless. The pro¬ 
cess is started by running some hot 
vinegar through (if the vinegar is in 
process of fermentation, so much the 
better), this being to inoculate the 
shavings with the vinegar ferment. 

' When this is done the whole is allowed 
to stand several days, say a week, ^d 
then fermented wort (see pre^ng 
recipe'l is poured in on the tep division 
and allowed to trickle through slowly. 
When it is through it is Rnt back to 
pass through again two or three times 
j until it has the characteristic odour 
I of vinegar. This may sound a deal of 
j trouble, but it only amounts to 
paring the vinegar plant, for after 
this, when the plant or ferment (a 
fungus, really) has started to grow on 
the shaN'inga, vinegar can be produced 
by passing the wort through once 
only, if in a warm room. Diluted 
beer can be used for making vin^, 
or sugar solution will serve if it is 
previously fermented with yeast, for 
about thirty hours, in an open tub. 
The finislied vinegar can^ be filtered 
through filter-paper, put in a funnel; 
or white blotting-paper can be made 
to serve. 

(c) Take 6 lb. ground malt, 6 lb. 
crystallised raisins, 4 lb. treacle, J lb. 
cream of tartar. Pour on these 3 gal. 
of boiling water and leave all to mash 
for 6 or 8 hours, stirring well as usual. 
Hun off the liquid into another tub 
and add J lb, sulphuric acid and 24 
1 gal. of acetic acid. Colour with can* 

I mel (burnt sugar) and rack into a cask^ 
! Allow to settle for three days, and; 

I tlien draw off the clear vinegar and it 
j is ready for use. 

[ To maJtc Vinfffar from, tke Vintgar 
I Plant'' or “ 3fofAer.”— The vin^ 

' plant can be reftdily purchased at large 

I vegetable markets, or through a local 
I tradesman. Take 1 qt. of water, and 
I dissolve in it ^ lb. of coarse brown 
' sugar and ^ lb. of* treacle. Let this 

I be in an earthenware vessel, preferably 

i white inside. WTien dissolved, lay 
i the fungus on top, cover with thus 
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brown paper^ and tie down. In dx 
weeks, or a little longer in cold weather, 
the liquid is turned to vinegar, and : 
can then be strained off. Boil up ' 
the vinegar, strain again, if necessary, I 
then bottle. Put the fungus on to ' 
more sugar, treacle and water, to keep 
it going; by tliis means it will not 
only keep siive but will grow thick, 
so that it can be divided into two 
layers, and thus becomes two plants. 
It appears to improve in its work as , 
it grows thicker. 

Tarrwion Vinegar. —The full-grown 
shoots of tarragon are used for this, 
and they should bo gatherc<l the day 
before they are needed. Fill a half¬ 
gallon jar with iu many as will go in 
without presiiing down. Add three 
cloves, and the rind of one lemon, cut 
thinly. Fill up the jar with white 
wine vinegar, and tiglitly cork it. 
Expose to the sun for two or tliree 
weeks, then open and strain off tlie 
vin^^. Wring the tarragon in a 
cloth, filter all the vinegar through | 
flannel, then bottle it. | 

Oucvtmber Vinegar.—For salads, or ^ 
as a cold meat sauce. Peel three 
moderate-sized cucumbers, and slice 
them. Put them into a jar, and pour 
on a quart of cold vinegar. Slice two 
onions and two shallots, and add these, 
togetherwitha tablespoonful of pepper, 
aquarter-tablespoonlul of cayenne and 
about a tablespoonfui of salt. Let 
this stand for a week. At the ex¬ 
piration of this time boil all up, then 
allow to get Cf>ld. Strain through 
'flannel, then bottle. 

Oarlic, or Shallot, or Ilorse-raditk 
Vinegar is simply mwle by putting 
2 oz. of finely choppe<l garlic, or shallot, 
or scraped horse-radish, inb) a quart 
of cold boiled vinegar, and, after it 
has infused for about two weeks, the 
vinegar is stndned off* and bottled. 
With horse-radish vinegar a little 
finely-chopped shallot is an improve¬ 
ment. Either can be used as soon as 
■ auuk. 

Jleapberry Vin^ar. —Take 3 lb. of 
fresh raspb^es, and put 1 lb. of them 
into a bowl. Pour a pint of best 


vin^r over, bruise the raspberries, 
and 1st it remain until nc^ day. 
Strmn off the vinegar, and pour it over 
another pound of the raspberries. 
Bruise tiie fruit, and let it remain 
another day. On the next day drwn 
off the vinegar again, and pour it on 
to tlje thiixl pound of raspberries. 
Bruise the fruit, and let' it stand 
another twenty-four hours. Now drain 
off the lit^uor for tlie, last time, and 
strain it through ifannel winch has 
hgen previously wettetl with plain 
vinegar. When draining off tlio vine¬ 
gar at any time tlo not press the fruit, 
for should too much* fruit juice, or 
any pulp, through, the finislied 
vinegar will ferment. Indeed, some 
consider that the fruit should not Ije 
bruised at all, for feiir of fermentation ; 
but if care Is used the bruising can be 
done, and a fuller flavoured vinegar is 
obtained. When the vinegar is passed 
through flannel, put it into a jar, and 
■ add 1 lb. of loaf or castor sugar to 
GAch pnt. When the suj^ is melted, 
put the jar into a saucepan of boiling 
water, let it simmer for half an hour, 
remove the scum, then allow to get 
cool. When cold put into bottles, 
cork well, and wax over the corks. 
If liked, a quarter-gill of brandy can 
be added to each pint just before 
bottling. 

Aronuztic V'inegar. —10 oz. glacial 
acetic acid, 40 drops oil of cloves, 40 
drops oil of rosemary, 40 drops oil of 
bergamot, 16 drops oil of neroli, 30 
drops oil of lavender, 1 drachm benzoic 
acid, 4 oz. camphor, 30 or 40 drops 
compound tinoturc of lavender, 3 <». 
spirits of wine. Dissolve oils, benzoic 
acid, and camphor in the sfurits of 
wine, mix with acetic acid and shake 
until hriglit, lastly adding tincture of 
lavender to colour. 

1 Testing Strength of Vinegar .—This 
‘ is usually done by the neutralisation 
process, the acidity being neutralised 
by a solution of caustic bo(U of a known 
. strength. The soda solution shoidd 
be prepared by a chemist, and is known 
, as a normal solution, containing 40 
I of pure caustic soda tu'l litre. Som 
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of the vinegar, say 20 c.o., is put into to a quart of water makes a refreshing 
a glass, and a few drops of th« alco* wash for the skin; it is ah excellent 
holic solution of the indicator phenol- sedative for the flesh, rendering it * 
phthalein added ; the soda solution is smooth and Arm, and it is said to be 
then added, a drop at a time, from a a defence against wrinkles, 
burette, the glass containing the solu¬ 
tion being shaken all the Ume. Im¬ 
mediately the soda becomes in excess 
a deep pink colour will appear, and 
directly this occurs the addition of the 
soda solution iquBt cease. Now see 
how mucii sod/i sokition has lieen used 
and calculate thus: 1 c.c. of R(xla solu¬ 
tion (which carries 0 ’ 01 gr. of NaHCf), 
is equal to 0 • 06 gr. of acetic acid, 
therefore if. f<jff exami)le, 21 c.c. of 
the soda solution lias been used to the 
20 c.c. of vinegar, the acetic acid in 
100 pints of vinegar is 8*3 per cent. 

The usual percentage is 4*5 to 5 per 
cent., this being governed by the 
strength of the mash employed in 
making it. 

Aromatic Vinegar.—A delight¬ 
ful aromatic vinegar may be concocted 
with herbs as a brais. This vinegar is 
a most useful and eminently satisfac¬ 
tory preparation. It has remedial 
properties, and, therefore, is invalu¬ 
able in the sick-room ; the rich, spicy 
odour pniduces a sense of coolness 
that is at once a tonic ; it also per¬ 
forms its mission as a deodorizer by 
virtue of its essential oils. 

The ingredients to be used are 8 oz. 
each of sweet basil, thyme, and spear¬ 
mint {madha tnViV/w), 8 oz. each of 
rosemary, rue, lavender, and s^. 

Place in a stone jar and bruise the 
leaves (many aromatics, when entire, 
are odourless, and only give off their 
fragrance when bruised), cover with 
2 g^. of strong vinegar, made boiling 
hot, and cover closely ; set in a warm 
plara, shaking the jar occasionally. 

At the end of two weeks strain off the 
clear liquid. Cover 1 oz. of gum 
camphor and 2 oz. of gum benzoin 
with half a pint of alcohol and allow 
to dissolve ; then add to the viut^ar. 

Let stand a few days, Alter, and bottle 
in small bottles, with cork and seal. 

Keep for two months before using \ it 
im|Hoyes with <age. A tablespoonful 
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Walking-Sticks. 

Su alio PoLisHiNQ, Staining, 
Varnishing, etc. 

(1) Although the walking-stick is 
not now BO largely used as in years 
gone by, yet the demand for sticks for 
umbrellas and sunshades lias been on 
the increase, and for these latter fancy 
goods there is a constant seeking aft^ 
novelties to either meet a fashion or 
create new desires. There is, therefore, 
a keen look-out being kept up for new 
materials, particularly those that may 
be classed as “novelties.” So great 
is the demand in this respect that 
many growers, particularly on the 
Continent, have taken up the cultiva¬ 
tion of sticks of various good kinds 
expressly to supply the stick market. 
In this country, land is generally of 
too high a value for it to be pl^ed 
under suchasystemof culture, though 
quite recently large quantities of ash 
saplings, in which the roots have all 
been directed in one way to form what 
is known as croes-heads, have been 
grown in the county of Surrey. 

Some years ago the first collection 
ever got together illustrating the ma¬ 
terial used for walking-sticks was pre¬ 
sented to the museum of the Royal 
Gardens, Kew; and this collection 
has been entirely revised and aug¬ 
mented by the same firm which origin¬ 
ally presented it, namely, Henry 
Howell and Co., of Old Street, St. 
Luke’s. 

Forest produce from all parts of the 
world is hew deposited. From the 
East and West Indies, Singajxire, Java, 
China, and other eastern countries, 
are derived a great variety of sticks, 
principally, however, belonging to the 
ounboo and palm tribes, sticks, 
as required for the workshops, are 
drafted from the stores. Some are so 
cnx^d that they require a great deal 
xi stnightaning before anything else 
ii dene wxtii them, and this straighten¬ 
ing prooen ia one of the most interest* 


ing and remarkable. On the top of 
a veiy hot stove is a heap of damp 
sand, in which the sticks are plunged, 
and kepi there till they have become 
quite pliable. The workman then takes 
the crooked stick while it is still hot 
and inserts it into a notch cut in a 
stout board, placed at an angle inclined 
from him, and bends and strains it, 
occasionally casting liis eye along it to 
see that it is straigh/., and when per- 
j fectly BO it is thr*»wn down to cool, 
j and when cold it is quite rigid, with- 
\ out the slightest fear of it ever going 
back to its natural crookedness. In 
this way some of thr must irregular 
and ajiparently worthless sticks are 
made to assume an appearance almost 
impossible, when wc consider that the 
workman has nothing but practice and 
a well trained eye to guide him. Heat 
is a very important element in the 
manipulations of a stick-maker, and 
produces very different effects on the 
several kinds of woods, the degree of 
heat necessary to straighten one kind 
of stick being often sufficient to com¬ 
pletely spoil another kind. The same 
power which makes a crooked stick 
straight is applied to make a straight 
one crooked, and so we find tliat the 
rigid stems of bamboos, partridge canes, 
and all the various kinds of English 
sticks which are required to be curled 
or twisted, are by the application of 
heat made to assume almost any shape 
or form. Thus, ladies’ sunshade 
handles, especially those of bamboo or 
partridge cane, can be twisted and even 
tied into double knots. 

By far the largest number of sticks 
used are those known as natural sticks, 
that is, saplings of trees or climbing 
plants, where the roots have sufficient 
character to form handles, or knots. 
These are always more in demand, 
whether forwallung, umbrella, or sun* 
shade sticks, than those that are out 
from the solid, like letterwood, ebony, 
boxwood, beef-wood, partridge-woo^ 
etc. Messrs. Howell, with &e rieif 
of bringing to light undeveloped xn* 
sources, have had some notes dnws 
up and circulated among thor oofre* 
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spondents, on the points to bd observed 
in collecting raw sticks^ canes,* etc., 
for walking sticks, umbrella handles, 
etc. The total length shouKl not be 
less than 42 in., end to end, and if 
possible they should be 48 in. Tlie 
best sizes are of the diameter of ^-1 in., 
measured about midway ; they should 
not be larger than 1 J in. It is indis¬ 
pensable that the diameter should 
gradually diminibh from the root, or 
handle, to the poidt, so that the stick 
is not “top-heavy.” It is always 
better, when possible, to send sticks 
with some kind of handle; if the 
plant lie pulled up, the nxita should 
be left quite ro\igh and untriinmed ; 
if a branch be cut off, a part of the 
parent branch should be left on to 
form a kuob or crutch handle, Sticks 
without handies can be used, especially 
if they are nicely grown and have any 
peculiarity of structure or colour ; but 
if there is any handle, however small, 
it should not be cut off. Young sap¬ 
lings of the different kinds of f^ms, 
bamboos, etc., should always have the 
root left ou. Occasionally the form 
of the motor handle part is attractive, 
while the stick itself is weak and de¬ 
fective ; in such cases the litandles only 
should be sent, and they should mea¬ 
sure 15-1$ in. long. In sending speci¬ 
mens of new sticks, it is better to 
send only small quantities, say one or 
two dozen, at most of each kind, then, 
if approved, further quantities can be 
asked for. Specimens of anything re¬ 
markable for form or colour, whether 
in the roots or stems of woody, herb¬ 
aceous, or reedy structures, should be 
sent, as sometimes the most unlikely 
things arc found to possess value for 
use either as umbrella handles or 
walkkig-stiokB. 

It will be seen from these notes that, 
'la before stated, the chief demand is 
for natural sticks, msjiy of which lend 
tbemsdves readily to the varied designs 
ao neoesBuy for l^es’sunshades. Not 
msDj yeara since the whole of the 
maohineiy in use was worked hy hand, 
but in consequence of it being neces- 
BB 17 totum out TOy luge orders with 


great rapidity, steam power was intro¬ 
duced, which sets in motion band and 
circular saws, planes and rasps, with 
the result that a stick of the toughest 
description can be converted into a 
I marketable article in a very short time. 
So dexterous do the workmen become 
in the use of these tools that they 
seldom make even the slightest error 
in their work, and the rapi(iity with 
which the workers in gold and silver 
mounting jierform their delicate mani¬ 
pulations is remarkable. Besides the 
precious metals, a great variety of 
valuable stone mounting is effected in 
this department, among the stones 
; used l^ing Mexican onyx, agate, 
jasper, various marbles, and occasion¬ 
ally even the more precious stones, 
including diamonds. Ivory, horns of 
all kinds, rhinoceros, bufihlo, stag, 
sea-horse, walrus tusks, etc., are aim 
largely used. 

Material.-~ln enumerating the 
materials used in tiie manufacture oi 
walking-sticks it has been thought best 
to classify them in alphabetical order 
according to their commercial names. 
Tiiough the following is a fairly com¬ 
plete list, and represents most of those 
exliibited in the Kew Museum, it ia by 
no means an exhaustive list, additions 
being frequently made. 

icaem.->The name of this stick de¬ 
signates its peculiar colouring rather 
than its botanical origin, and any stick . 
tliat is sufficiently strong, and lends 
itself readily to artiheial colouring, is 
used, such as crab, dogwood, etc.; the 
specimens at Kew are the produce of a 
l^d-wooded shrub or small tree, found 
in the forests of Middle and Southern 
Europe, probably belonging to the 
dogwood order. The sticks, in thedr 
prepared form, have found much favour 
for ladies’ umbrella and sunshade hsm- 
dies. They are made in various shapes, 
but the oolour is generally bluish oar 
greyish, with a metallic lustre, and 
oocasional dark streaks. 

Ap8c or .isp.—This is the wood of > 
the aspen IrttMila ); it is TOy 

light wth in colour and wed^t, and 
has little else, perhaps, to reoomsMnd 
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it for walking sticks. The supply is 
obtained from our own country. 

Ath {Frtudnxatacdiiixi ').—This tree 
famishes a variety of sticks, known in 
trade under different names, as, for in- 
stauce, the root ash, which consists of 
the saplings with the roots attached, 
which form the handle; then tliere is 
the cross-head, in which the roots, in¬ 
stead of forming a somewhat globular 
knob, take a twist at right angles from 
the stem. These have been grown, 
and so directed during their growth. 
The figured ash is another form, in 
which the bark has been scarified into 
various designs during growth, and on 
healing has left a permanent mu’king. 
These latter are, perliaps, more curious 
than beautiful, but still they have 
their admirers. The ash can be treated 
in vuious ways with the bark either 
left on or removed. Some of those 
with the bark remmning, when properly 
cleaned, dressed, and poibhed, make 
very pretty sticks, and are not unlike 
those of the orange. 

iSaJbow.'—This is apparently the pm- 
duce of a palm, but at present its origin 
remains unknown. The sticks- are im- 
i)orted from Singapore. 

Bamboo .—The bamboos furnish a 
great variety, and a very large bulk of 
ine material used by the walking-stick 
maker. They come, of course, chiefly 
from the Ewt, but their botanic^ 
sources are difficult to determine. 
Amongst those which may be called 
true bamboos, namely, those furnished 
ky the genua BambiiM^ may be men- 
tmned the Whampoa bamlxx), probably 
the produce of Batnbuaa metakc. They 
are noted fcr their irregular jointing; 
{hey are of a clean, lemon-yellow 
c(dour, and not long since were much 
used for sunshade handles. They are 
imported from China. The yellow 
bamboo and the blackt bamboo are also 
well-known, their colours being indi- 
eated ly their commercial names. 
These canes are imported from Japan 
'sod China, and are no doubt the pro¬ 
duce of species of Bambuta, as is also 
probably ^ebsetle-cane, BO named from 
its intenselj black colour and its sody 


. appearance near the root, which, how- 
. ever, teakes it very pretty. This is 
also the product of a Chinese species. 
The dogXiead bamboo is not a true 
bamboo, but is furnished by a species 
of irvndtnana,acloBely-alli6dgenu8. 
The name dog-head has been given to 
this stick from the natural growth cJ 
the rhizome roughly representing the 
head of a dog, so that it is easily carved 
and convert^ into good representations 
of dogs’ heads. Tlfese sticks are im¬ 
ported from China. 

1 Bay Tree or Laurier These 

' sticks are apparently the p^uce of a 
species of Eugenia, though nothing 
definite is known about them. The 
wood is very hard and close-gr^ed, 
almost white in colour, but with a 
cinnamon brown bark covering the 
irre^lar root, which makes good han¬ 
dles for umbrellas. They are imported 
from Algeria. 

Beef-Wood ,—This wood is of a dull 
reddish colour, close and even groined. 

, It is apparently cut from the trunk of 
! a large tree, perhaps that of Ardiiia 
eoriacea. It is imported from Cuba. 

I Beetle Cane .—dee Bamboo. 

I BirvA .—The saplings of Bebula alba. 
The roots make good handles, and the 
supply is obtained from our own 
countiy. 

Blackthorn .—This well-known hedge 
plant, known also as the sloe (Prunus 
%pittota), makes excellent walking 
sticks. There is always a demand for 
them, for when properly dre^ed and 
polished there is no other stick that 
has BO dark a coloured bark. Latterly 
there has been a large sale for a special 
kind of blackthorn brought from Ire¬ 
land, and known as Irish blackthorns. 
They are distinct from the ordinary 
blackthorn in being flattened instead 
of cylindrical. 

Black Torib.—The botanical originW- 
of this stick has not been determined. 
It has a dark-coloured bark, and the 
root forms an irregular knott^ handle. 
The wood, wliich is hard and oloee* 
grained, forms a very rigid stick, 
vealing, when the bark is taken off, a 
dark brown wood with occarionol li^t 
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patdies. It is imported .from the i 
West Indies. » i 

Boxwood, Persian .—This is the true ! 
box {Buxua BC7npervirena), tbp wood of 
which is BO well known as to need no , 
description. The irregularity of the j 
branches recommends it, when peeled \ 
of its bark, for walking sticks, and the ! 
sticks cut out of the solid trunk moke j 
good umbrella sticks, liesides which it | 
is often carved iy<o various devices for . 
ladies’ sunsluuleri.% Another kind of 
wood, very similar in appearance to 
true box, but known as West Indirfn 
boxwood, is used to some extent for 
the same purjiot^s. The West Indian 
boxwood of Itotaniats is Vitcx uinbrosa, 
but tliis wwkI does nut i^^e with tliat, 
and at ]>rcs8ent cannot bo satisfactorily 
identified. 

.flnar.—Tills Is also the produce of 
a West Tiidian tree {Zauthoxyluvi 
CJam'ihroJh), the hark of which is 
lulierculatod, or warted, for which i 
rouiun it » valued for WB^ing-sticks. I 
They are iinportwl from the West \ 
Indies. | 

Cabfxitfc, Jcncy. — A well-known [ 
variety of the conuuon garden cabbage 
(Brassica deracca), the stems of which 
grow in the Ciiauuol IbUuds to a height 
of 10 or 12 ft. 

Carob or Carouhier (Ceralonia Silt' 
jwo).—A branching tree about 30 ft. 
high, native of the Mediterranean coast. 
The knotted and irregular branebea, 
when straightened, make excellent 
walking Bticks, They are imported 
from Algeria. 

C<vrolina Jiecds .—These are slender, 
hamboo-llke canes, the produce, ap- 
narently, of a specieH of Arundviaria. 
They are imported from China. 

Oedar-W<xxi .—This is the wood of 
the common pencil cedar (Juniperun \ 
vis^niam). It is only occasionally j 
uid is too well-known to need ' 
description. It is imported from ^ 
^(nrth America. 

Cherry {Prmue ocrasw).—Of late 
yean this has become a very important 
stick, both for. walking sticks and sun¬ 
shade handles, Two distinct forms of 
the cherry are known in the stick trade , 


—namely the scented and the tiger 
oherry. The former has a dark brown 
bark, which has a peculiarly sweet 
scent, and, in consequence, is seldom 
or never polished, the effect of which 
would, of course, be to kill the per¬ 
fume. The tiger cherry has a bark 
with patches of a beautiful golden 
lustre, which is heightened by the 
addition of polish. These sticks are 
imported in large quantities from 
Austria and Hungary, where the 
growth for pipes and walking sticks 
constitutes a staple industry. 

VhutnVit .—These are branches or 
saplings of the Spanish Chestnut (Ca«- 
tanca natitHi). When peeled the wood 
is of a very light colour, but is hard 
and durable. The sticks arc obtained 
principally from France. 

Coffee .—These sticks are the produce 
of the ordinary or Arabian coffee-tree 
{Coffca arabiea), and are brought here 
from the West Indies. They are very 
hard and heavy, with a light-coloured 
bark, and have but little to recommend 
them. 

Cork.—The produce of the cork oak 
(Qucreu9iSV>er). Though these sticks 
are somewhat clumsy in appearance,' 
owing to the thick and rugged deposit 
of bark or cork, they are light in 
weight from the same reason. They 
are imported frum Spain and Algeria. 

Cra6.—Two kinds of ttick are fur¬ 
nished by this plant—the wild form 
of the cultivated apple {Pyrtta malue), 
the plainer sticks l^ing known as crab, 
and the knotted or irregulu* sticks as 
warted crab. They are the produce of 
our own country, though some am im¬ 
ported from the Continent. 

Date Palm. —These are the mid-riba 
of the leaves of this well-known palm 
(Phanix dactiUfera) with the le^ets 
cut off, rounded and smoothed, and 
then polished. .They are imported 
from Algeria. 

j Dogw^ (Comtw sanguinea). —This 

is a well-known shrub of our own 
hedges, the wood of which is hard and 
not liable to splinter; hence it was at 
one ‘ time muoh used for butchtfs* 
akewere. These properties, together 
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with those of rigidity and lightness, 
have caused the sticks to become very 
much in hkvour with walMng-stick 
makers. On this account they are 
much used for the “ pillars ” or sticks 
of umbrellas or sunshades, often having 
other handles or knobs fixed to them. 
Th^ are imported in large quantities 
from France, Germany, and other 
parts of the Continent. 

Sbony. — Several kinds of ebony are 
known in the trade as Ceylon, Macas> 
sar, and flowered ebony. Tixe two 
former are the produce of Dionpyroi 
e&enum, and the latter of a totally 
different plant, namely, Brya ebenut. 
The first is a native of Ceylon and 
India, and furnishes the l^t true 
ebony, while- the second is a small tree 
native of the West Indies, and is 
sometimes known as green ebony and 
cocus'wood, so much used for making 
flutra. The ebonies furnish very 
choice sticks, which are cut from the 
solid wood. 

Sudolyptiks.’^Thia, as its name im> 
pUea, is the produce of Eucalyptus 
OM^ust better known, perhaps, as 
the Uue gum. It U a native of Aus* 
tralia, but has been mtroduced into 
many other parts of the world. The 
supply for the stick trade comes from 
Algeria. 

PuIUrs' Teazle {Dipsaeus Pidlonum). 
This plant is probably only a culti¬ 
vated variety of the common teazle 
found wild in our copses and hedges 
(Dipaieus sylvestris). The plant is cul¬ 
tivated in some parte of this country, 
as wdl as in France and Germany, for 
the sake of the hooked bracte of the 
flower-heads, which are used for teasing 
or carding cloth. The adaptation of 
tile stems for sunshade handies is very 
ringulur, for most of those used fur 
the purpoee are fasciated or abnor¬ 
mally twisted in the ppcess of growth, 
so that they become double or treble 
their normal uze. This fasciation was 
at one time considered to be unusual 
in the teazle, and thtir appearance a 
few years since in thousand as sun¬ 
shade handles came as a surprise to 
the botimist. It exemplified, however, 


what has been before said, how appa¬ 
rently* useless products can be m^e 
subservient to the demands of com¬ 
merce. 'J'eazle stems are imported 
from France. 

Furze, sometimes also known as 
Whin or Qorse {Ulex europeus ).—The 
stems of this common British plant 
are, as is well known, very irregular 
in their growth. When tliey are 
straighten^ and properly dressed, 
however, they make exti’eraely pretty 
walking and umbrella sticks, and are 
in'great demand. 

tfru-^rru.—These are the saplings 
of a palm, the botsiiical|^origin of which 
cannot be accurately determined, inas¬ 
much as the name gru-gru is equally 
applied to Antroearyum nilf/are and 
Acrocomia itclcrooirpti, both South 
American species. The slicks are very 
beautiful, ^ing of a rich dark brown 
with fine white lungitudinal lines near 
the joints. The rootiieads also are 
very handsome. The sticks are im¬ 
ported from the West Indies, 

Ouelder Jlose (Viburnum Opulut).— 
The sticks from this well-known shrub 
are very attractive when dressed and 
polished. The bark which covers them 
is of a rich brown, thickly marked with 
white lines. They are of a compara¬ 
tively recent intioduction, and are 
very much in demand. They are some¬ 
times known under the name of Balkan 
rose, being imported from the neigh¬ 
bourhood of the Balkans. 

Hazel .—This well-known stick is 
the produce of Corylus AveUona. A 
variety known as E^ver bark hud is 
the most beautiful. The sticks are 
imported from various places on tiie 
continent of Europe. 

(Bex aqwfolum).-~'Tb» itoks 
of this &vourite shrub are so muoh 
used for walking-sticks, whip-handles^ 
and similar uses that th^ need only 
to be enumerated. They are ohkfly 
the produce of our own country. 

Hornbeam (Carpinui 
well-known hard-wooded tree; Um 
wood is of a very light colour, bat. 
makes durable stk^. The maricat if 
supplied by English growth. 
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Jamhec, or Jamhoze. —This is appa¬ 
rently the produce of the palm,•which 
has. yet to be determined. 

Lancewood. —This wood,* supposed 
to be the produce of Dxujufitia quita' 
rensis, a tree of South America, is | 
much used for shafts of carriages, I 
whip-handles, and the top joints of j 
fishing-rods, in consequence of its ! 
elasticity and strength. For the same , 
reason it is n^'^d for walking- and | 
umbrella-sticks. % 

Loya CnncH .—The stems of an Aus- 
traiiaufffllm(t'(t/a7/m.'jaiHitr«^i«). Tliey 
have flomewliat the appearance of a 
rattan, to which they arc a close 
botanical ally. 

Malacca {Odamus Hcijjimnvi }.— 
Like the last, these are the stems of a 
climbing palm, imported, twit from 
Malacca, but from Siak, on the op]>o- 
site coast of Sumatra. They jvre a 
very choice stick, and fetclt |N;rha})K , 
the highest price of any stick iu the | 
market. 

(Acer campestre). —- The 
branener. of this well-known British 
tree are sometimes used for walking ; 
sticks, as well as the wood of its Arne- ' 
rican ally, the bird’s eye maple (A ccr | 
eacoharintim). 

Medlar (Pyrue garmanica ').—Sticks 
ol this plant arc imported from 
France. They are sometimes covered 
with numerous transverse gashes, 
which is done in the stem during 
grow^ for the pui pose of omamenta- 
lion. 

Midgcn. —This is the stem of an Aus- 
tialian palm (A'cntia monoeiachyd). It 
makes o very pretty stick, from the 
markings or scars of the fallen leaves 
being very close together, 

Mountain Aeh. —A well-known orna¬ 
mental tree of our shrubberies {Pyrui 
Auoupa/ria)^ The sticks are slender 
but strong. 

Mountain Bay.—-A slender palm, 
the source of wUch is unknown. 

Myall Wood (Acacia honud.aphyUa). 
—A leguminous tree of Australia, the 
violet-scented wood of which is well 
known and has been much used of late 
in the manufacture of pipes. The sticks 


are not polished, so as to preserve the 
scent. 

Myrtle. —Whether this is the pro¬ 
duce of the Myrtus communvs is some¬ 
what doubtful. It makes excellent 
walking and umbrella sticks, which are 
imported from Algeria. 

Nana Canes .—This name has been 
given to the hollow rced-like stems of 
Arundo donar, tlic rhissomes of which 
form excellent liandles for umbrellas 
and HunshatleB. They are imported 
from Algeria. 

Oak (Qvrrcus Rohur). —The saplings 
and bniucheK of this well known British 
tree are much used for walking-sticks, 
and are always in favour. Under the 
name of Brazilian oak, a stick that has 
met with a very large demand has been 
known in the nuirket for some few 
years. It is corrugated longitudinally 
and knotted tliroughout, the .knots 
lieing especially thick near the knob. 
Though this stick is a great favourite, 
its l}otanicaI origin at present'is ob¬ 
scure. It is imported from Bahia, and 
is sometimes known as the Ceylon 
vine. 

fWir<'(0/mrt/ropca).—This isanother 
I favourite stick for which there is 
I always a large demand; the dark green 
' bark has a eliaracter of its own, and 
the brown marking of the wood, when 
stripped of its bark, lias much to re- 
, commend it. Olive sticks are imported 
! chiefly from Algeria. 

I The orange sticks, which 

are imported chiefly from Algeria, are 
' probably the produce of other alhed 
^ species besides that of the common 
1 orange (Citrvs aurantium). The bark 
of the orange, when dressed and pol- 
I ished, has a bright, greenish colour, 

. with white stress, and makes ex- 
^ tromely pretty sticks, for which there 
is a constant demand. 

Orange, .BitwiU—This is a distinct 
product from the foregoing, and is not 
furnished by any species of Citrus, but 
by the common broom (Cytisus seo- 
partus). The bark has somewhat of 
the orange markii^, but its colour u 
nearly black, as its trade name iluU- 
cates. It ifl imported from Algeria. 

2 0 
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Palmyra. —These sticks are cut from 
the solid wood of the palmyra palm of 
India [Boraisus fiahelliformis). Two 
varieties are known» black and red, the 
one with intense bl^*k lines, the other 
with red. The wood is imported from 
India. 

Partridge Caiies. —Under this name 
an immense quantity of canes, with 
and without the bark, are annually im¬ 
ported from China. Though they are 
a specially favourite stick for walking, 
umbrellas, and sunsliades. the botanical 
source still remains unknown. They 
are largely used for twisted and curled 
handles. 

Ptirtridfjc Woixl {Andira inenidfi). — 
This is a lar^ tree of the West Indies. 
The wood is clo8e-graine^l and hard, 
and takes a good |>olish; it is used 
chiefly for umbrella handles. 

Penamj Latoycr (Licun/a. acutifida). 
This is a palm, the saplings of wiiich, 
with tlie roots attach^, are imported 
inconalderablequantities from Penang. ' 

Piinerdo (PiiMi^ta aff/iimlif). —A 
tree common in Jamaica, where it is 
largely cultivated for the sake of its 
fruits, which are the allspice of com¬ 
merce. For the stick and umbrella 
trade large quantities of the young 
saplings are imported from the West 
Indies. The sticks are valued especi¬ 
ally for umbrella liandles, in conse- 
quenceof theirrigidit}' and non-liability ! 
to warp, i 

Poinegntnate (Pwtica Oramatum ).— ' 
These sticks come mostly from Algeria, ' 
where they are specially cultivated. 

Rajah Cane. —This favourite stick 
has been known in commerce forsorae 
20 years or more. It is imported from 
Borneo, and for a long time after its 
introduction its botanical origin re- 
rnmned a mystery. It has, however, 
since been referred to the genus of 
palms Eugeitsonia, and proliably to the 
species minor. The wwnmercial name 
rajah is said to be derived from the 
fact of the duties paid fur its export 
being claimed by the Rajah of Borneo. 

Rattan. —Under this name a variety 
of sticks, apparently the produce of 
different species of Cnimwa, are 


I known. Thus we have root rattans, 
j white»hard-barked rattans, monster 
rattans, miniature rattans, and so on. 
They are all of a similar character, with 
the scars of the fallen leaves strongly 
marked in transverse rings. They are 
I the produce of Eastern countries, 

Snakcioood (Brosimmn, AubletH ).— 
This is also known under the name of 
letter-wood and leopard-wood. It is 
the produce of a large, tree, native of 
Guiana, Northern f’eru, Brazil, and 
Trinidad. The wood is extremely 
hard, uf a ixiddish-brown colour, marked 
with dark transverse blotches. It 
makes ouc of the handsomest sticks 
known, and when mounted with gold 
has a very rich appoArance. 

Under thw name the stems 
of the mullein ( Verbasewn Thapaua) 
are known in commerce. They ore 
slender and very light, both in colour 
and weight; they arc, however, very 
prettily marked, and make good 
handles for umh^llas. 

Tonquin Cbncii.—These are slender- 
jointed sticks of the character of bam¬ 
boos, and are the produce of an un* 
known species of Arundinaria. They 
make light and strong sunshade 
handles, and are very much used for 
that purpose. They are imported 
from China. 

WAa?w7ft‘.—This is a well-known 
cane imported from Japan, and is 
formed of the rhizome or underground 
stem of a kind of bamboo (Phyllo- 
atarhya nigra). The cane is very 
pliable, and is very distinctly marked 
by the transverse Hears of the young 
shoots, where they have died out, and 
where the rootlets have fallen off. The 
canes are mostly of a pale yellow 
colour, but there is a variety with 
blockscar.'^ known as the black whangee. 

Wkitetliom. —This is another name 
for hawthorn {Cratoigtui Oxyaoantha)* 
The wood is very liard and cloee- 
graiued, and makes very strong sticks. 

Zirracote. —A close-grained, nearly 
black wood ; used mostly as a cafai&it' 
wood. It t^es a good polish, uidbM 
a very handsome appearance. (J. R- 
Jackson). 
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Method of Treatment.— Walk -1 
ing'HtickB should not be cut o» pulled ; 
later in Bpring than February, nor ' 
earlier in autumn than Ocjtol)er, the j 
best time being from early December ' 
to mid'Febrnary. They should not 
be 8triii|)cd of l)ark nor worked till 
half dry, and meantime should Iw 
stored in a cool and moderately dry 
plat'-e. It is Ijcst to leave all roots 
and sfiurson tljp stick alwul 1 iu. long 
when laying asn’i to dry. When half 
dry their suppleness is at its greatest, , 
and working is facilitated. * 

Holly sticks must be only rough 
trimmed whey put away to season. 
Ash sticks most also lie rough trimmed 
and well seasoncfl before they are 
barked end jxdished. The wood and 
curiously-formed rwt-knobs of ground 
aah admit of excellent grotesque 
carving. 

Of all home-grown sticks oak is the 
most reliable, and stout oaken cudgels 
are esteemed by must persons as some 
of the best props to failing legs, as well 
as the best weapons for self-defence 
against quarrelsome dogs and rowdy 
ruffians. Straight sticks of sapling 
are nut always cosily obtained, but, 
copse-wcKxi sticks pulled fn)m the j 
stumps of trees form excellent substi- j 
tutea. Those should be selected for j 
walking-sticks which taper gradually , 
from I in. just below the knob or ' 
crutch, down to ^ in. at the opposite | 
end. Qnarled and crooked oak sticks , 
are sometimes fancied, and heavy i 
cudgels are sometimes selected for de- . 
fensive purposes. Oak sticks split in 
drying when the bark has been stripped 
off, or the knots cut too close, or the 
sticks put away to dry in a very warm j 
dry pW^; they are then rendered i 
uselees for walking-sticks and cudgels. | 
The wood and aim the form of the 
knobs or roots will admit of much 
taste being displayed in carving. 

From the roots of elm trees, saplings 
with a coating of rough bark will shoot 
up straight to a height of 10-12 ft. 
T^eeewiil furnish go^ walking-sticks 
of the hncj type, the rough bark 
serving the purpose of oruameutatiou 


when the sticks are dried, stained, var¬ 
nished, and polished. The wood is 
also durable, but not very supple whetf 
dried, and sticks of it are not suitable 
to hani usage. The usual precautions 
must be taken in drying them. 

Light sticks of hazel may be cut or 
pulled from almost every hedgerow 
aud in any wood. Saplings are not 
uiifrequently found of most symmet¬ 
rical proportions, tajNjriiig from 1 in. 
down to J in. through a length of 
10-12 ft. ; those are used by country 
swains as goads for the oxen, and form 
very tough slicks. The wood is very 
light, but it has the disadvantage of 
landing end remaining crooked when 
leaned upon heavily. It is also soft, 
and may be easily carved. Occasion¬ 
ally, liazel sticks may be found gro- 
te»(juely entwined with honeysuckle, 
and the stem so deeply furrowed with 
the supple vine as to enclose the con¬ 
volutions of the climber. Sticks of 
this kind are valued as fancy sticks, 
and look well when properly prepared, 
varnished and polished. 

In exposed positions the blackthorn 
is only a dwarf shrub, but in sheltered 
hedgerows and wocxllands it attains a 
height of 20 ft., aud its saplings run 
up to a length of 6-8 ft. straight and 
taper, but covered with stout spines 
and small twigs. These saplings make 
excellent walking-sticks, both when 
they can bo dug or pulled u}), and also 
when they have to be cut off. The 
spines and twigs must not be cut off 
close until the stick is half dried, and 
then cut with a sharp knife ; in fact, 
the knots from the spines and twigs 
when left os slight round excreecenoea 
enhance the l^uty of the finished 
stick. Blackthorn is more famous for 
its hardness, strength, stability, and 
durability, thui for lightness, elasti¬ 
city, and Bupple^iess. A cudgel made 
of blackthorn will deal heavy blows, 
but when matched ag^st one of oak 
would splinter at the knots, the oek 
being the tougher stick. The wood is 
hard and not ohsily carved, but the 
root knobs will admit of a verv fine 
and smooth polish, most grateful to* 
2 Q 2 
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the palm of the hand of the tired 
pedestrian. Its congener, the white¬ 
thorn or hawthorn, is not so suitable 
for walking-sticks, being more brittle 
aind less durable. 

Among fruit trees the cherry will 
furnish some very nice fancy sticks, 
supple, and of tolerable strength : and 
apple wood, when well and carefully 
dried, will yield some good sticks. 
Grape vine and briar sticks cannot be 
reli^ upon for stability when leaned 
upon. 

When sticks are luvlf-dried, that is, 
when the bark is shrunken, has lost its 
sappy greenness, and refuses to peel 
freely, they may l)e trimmed, straight¬ 
ened, or bent as required. To bend or 
to straighten them, they may be held 
over steam until rendered supple, or 
buried in hot wot sand until this end 
has been attained ; they must then be 
given the form they are intended to 
assume (whilst still hot), and kept in 
this form until they are cold, str^ht 
sticks being tied firmly in small 
bundles, and wound with a coil of 
rope from end tu end, or suspended 
from the beam by the knob end whilst 
a heavy weight is hung from the se^II 
end. Crooks may be turned by im¬ 
mersing the end in boiling water for 
5-10 minutes then bending it to the 
d^ired form, and securing it in this 
position with a tourniquet (Fig. 294 a) 
until the stick is cold. The berk may 
next be taken off with a sharp knife, 
if so required, and care must 1:^ taken 
not to splinter or chip the wood of the 
stick. Knots may be trimmed at the 
same time, aitd the knob trimmed up 
to shape. Hard and fast rules cannot 
be given for the formation of knobs, 
since their fonn must be regulated by 
the natural knobs, and these are often 
very su^estive in themselves. One or 
two things should, however, receive 
consideration in designing a knob, and 
the first should be the ultimate use of 
the stidE. If the stick is to be a fikncy 
cue, 5o be carried and swung in the 
hand, more for appearance than for 
use, then any amount of skill in carv¬ 
ings may be expended on the knob; 


but if the stick is for use, we should 
first condder its use. Round smooth 
beaded knobs (Fig. 294 B) carved and 
polished ter fit comfortably Into the 
middle of the hand, will meet with 
most acceptance from those who use a 
stick as a support. But knobs thus 
formed, and shorn of a projecting crook 
or hook, often slip from beneath the 
arm or out of the liand when its owner 
wishes to use Iwth hands, for some pur¬ 
pose. The head of a^dog with a long 
mi^zzle, the head of a swan or a goose, 
forms an appropriate design for such a 
stick. The crutch (Fig. 294 c) or half¬ 
crutch form (l^lg. 294 D)ii8 also a com¬ 
fortable one, but the ordinary crook 
(Fig. 294 a), although useful for many 
other purposes, does not fit comfort¬ 
ably in the band, it is too much of a 
handful, and the central support usu¬ 
ally finds its bearing under the fore¬ 
finger instead of the palm of the hand. 
Sb^p carving on the knob should 
always be discouraged, for it only hurts 
the hand, but the neck of the knob 
may receive the carver's attention. 

Elm sticks vrith the roi^^h bark left 
on(Fig.294 E)muBtbe neatly trimmed, 
naked around the neck of the knob, 
and at the bottom of the sUck just 
above the ferrule, loose bark should 
also be neatly trimmed vrith a sharp 
knife, and the whole lightly gone over 
with medium glass-paper. The stick 
should then receive a dressing of boiled 
linseed oil, and be left to dry. When 
dry, it will be well to go over the 
smooth parts with a little polish, and 
finally give one or two coats of bard 
spirit or copal varnish. Holly, aah, 
liazel, cherry, apple, bircli, etc., should 
liave part of their bark only t^en off 
with a sharp knife, leaving all knoU 
smoothly trimmed, rounde^and clean. 
The sti(^B should then lightly glass* 
papered, and, when smooth, dressed 
with boiled linseed oil, dried, polished, 
and varnished. Oak sticks look best 
when carefully barked in hot wateri. 
cleued of the loose bark by rubbinn 
with canvas, dried, dressed with boiled 
linseed oil, again dried, then poKshed 
uudvaroislied with oak varuisli. filsf^''' 
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thom aticks ahould be only partly j each side of the stick, to prevent them 
barked, the knots smoothly trimmed, | from coming off wlien they get loose 
then glass-papered quite smooth, in dry wtather. 
dressed and varnished as directed for Tiie remaining diagrams in Fig. 294 
other sticks. Sticks may be stained indicate as follows: F, blackthorn 
black after they have been glass- knob in the rough ; o, ash root as dug 
papered, and before they are dressed up; h, ash root trimmed ; J, ash or 
with oil, by first brushing them over oak knob as pulled from pollard or 
with a hot and strong decoction of stump ; K, the same trimmed ; L, stick 
logwood and nut-galls, and when this bent and trimmed to form a crook. 
Km well drit4l, brushing over tliem (G. Edwinson). 
some vinegar oi* acetic jwid in which Staining.- (n) Use Judson’s sim- 
a quantity of proto-sulpliate of ison, ' pic dyes; they are so clean, and more- 
some iron rust, or some old rusty ’ over so economical in their application 
nails liavc been fltcepe<l some 2-3 <iays tliat they lake the lomling part in all 



Frc. 291. 


previously. A brown or mahogany work of fancy or intricate workmanship, 
tint may be given by adding some Put the stains on with a camel-hair 
dragon’s blood to the polish, and a brush, diluted with water. For dart 
yellow tint may be obtained by adding stains use copal varnish, or purchase 
yellow ochre. Some persons use ink some from a coach painter. . For light 
for a black stain, and others put drop woods use the light crystallised rar- 
black in the varnish, but the black nish, such as is used for the tops of 
stain above mentioned is preferable to washstands, etc. Old dam^^ sticks 
all others. The sticks are to be that are vamishbd should have the var- 
polished and varnished after the stain nish eaten off with liquor ammonise, 
IB dry. The bottom ends of walking- then rinsed, scoured, s^ned, and var- 
itioks should be guarded from ezees- nished again, 
give wear by a neat brass ferrule, but (6) Make a solution of 3 ptfte glue 
these are more cheaply bought than in 100 of warm water; to this add 1 
made.. They should be seou^ to the part whiting, 2 parte oren^ chrome, 
ftibk ly two small screws, one on i Mix well. Apply hot with a setft 
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brush to your sticks. When thoroughly 
dry, rub down with a piece of dry 
flauuel. Apply a second coat of colour 
if deeper tints be required, or use 
burnt umber and brown ochre for 
tints. When dry, apply the following 
varnish :—Coarsely - powdered copal 
and glass, each 1 uz.; alcohol, 64 o.p., 

1 pint; camphor, ^ oz. To be heated 
over a water bath, with constant stir¬ 
ring, until the copal is dissolved. 
When cold, decant the clear portion. 
Be careful that the alcohol does not in¬ 
flame. I 

Straig^htening. — Straightening ' 
requires a good deal of judgment 
and some skill. A bed of wet sand 
is provided and kept at about the 
temperature of boiling water. Into 
this the stick is plunged for some time, 
which renders it quite pliable, and it 
is then straightened by hand, pusliing j 
the stick tli^ough a hole in a bench ' 
and bending each part as may be ue* 
cessary until the whole is straight, 
much the same as is done with uatn- 
boo. 'When straightened, sticks should ‘ 
be hung in some dry, airy space, not 
too hot, that they may dry. If a large 
number are done at once, they may he 
tied in a bundle, keeping each other 
straight. Here they should be left 
until thoroughly seasoned beforescrews 
or cords are removed. The knots 
should be trimmed up with a small 
plane orspokeshave. Then the whole 
may be rubbed down with fine sand¬ 
paper—the finer the sandpapering the 
better the stick—and finished with a 
hard drying varnish, with or without 
sttun. A good polish for walking- 
canes and other hardwood ; Fill with 
best clear filler or with shellac, dry by 
heating, rub down with pumice, put 
on three coats of clear spirit copal var¬ 
nish, hardening each in oven with 
temperature as hot A wood and gum 
will safely stand. For extra work, 
the first two coats may be rubbed 
down and the last allowed a flowing 
coati For coloured grounds, alcoholic 
shellac varnish with any suitable pig¬ 
ment (very flne^ ground in) con be 
used. 


Polishing Kalacca Cane.— To 

repolish a scratched malacca cane first 
wipe it ov^r with raw linseed oil, next 
smooth down all roughness and 
scratches with fine grade gloss or emery 
cloth, then wipe free of oil. When a 
cane is of a reddish tinge one or two 
coats of mahogany furniture varnish 
may be applied with a camel-hair 
brush, but if required clear a brown 
liard spirit varnish iauW. As a rule 
all varnishes dry too bright for walking 
CRtes, therefore the wipe of linseed oU 
is first given (when tJie varnish is dry 
and hard) then putty powder or jewel¬ 
lers’ rouge with oil, is rubbed on with 
a woollen cloth. Finish with dry 
powder and >vashleather, and a smooth 
satin gloss will take the place of the 
bright shine of the vornitih. 


•-lOKM- 
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Waste Metal : 

ITS 

RECOVERY AND UTILISATION. 

In the prenent <Uy of commercial 
economy, one of the most interesting 
problems is the utilisation of waste 
pnxlucts, many fortunes having l)een 
largely huilt 114 on the applicjition of 
some cleverly diScovcrod process for 
extracting or recovering good material 
from waste. The following recipes 
refer wholly to metallic suhsUnces 
and solutions# that arc eominonly 
looked upon as useless, or nearly so, 
and more or less a source of loss. 

Copper Salta.—In works where 
a large quantity of cop})er is dealt 
with, till'' meUl is worth recovery 
from the cleimsing baths. Collect all 
the licjuids holdiug cop]x$r in a large 
cask hlled with wrought or cast iron 
scraps; a clieniical ruustion iinmedi* 
ately takes pl»(;e, the iron is substi¬ 
tute for the cojiper to make a soluble 
salt, and copper falls to the kdtom of 
the cask in tlie shape of a brown 
powder. The cask should large 
enough to hold all the liquids em¬ 
ployed in a (lays work. The iron 
scrap should be suspended in willow i 
baskets on the top of the liquor, and, 
by atirriug now and then the liquid 
with them, the metallic powder of 
copper will alone fall to the bottom 
of the cask. The same method may 
be employed for recovering the copper 
from old cleansing acids, or from worn 
out galvanoplaatic baths. The copper 
thus obtained is quite pure; calcining 
it in contact with the air, gives a black 
binoxide of copper for neutralising too 
acid galvanoplastic baths. 

0un Ketal, or Bed BrasB 
Turning, Filing and Scrap.— 
These are frequently sold for a low 
price, even by establishments having 
zadlities for casting in crucibles, be¬ 
cause they are apparently not fit for 
casting. These turnings can, however, 
be profitably utilised for new castings 
as well as an addition to other charges. 


The process is as follows :—The turn¬ 
ings are melted Viy themselves, and ^ 
during the melting process mixed with 
manganic oxide in the proportion of 5 
j>arts, by weight, of manganese to 100 
of turnings. In charging for melting, 
it is advisable to cover the bottom of 
the graphite crucible ^ in. deep with 
manganic oxide ; upon this is placed a 
layer of turnings about in. deep, 
and so on until the crucible is full. 
During melting the impurities con- 
tainetl in the turnings settle on the 
surface and cau be readily removed 
; with a graplute ladle. The melt is 
best cast in buttons (square pieces). 
^^'hen CCK)1 each button is cut, in order 
to determine the qualities of the metal 
by the fractured surfaces. The metal 
meltetl in this manner shows a reddish, 
nearly coppery fracture, and is very 
I tenacious and dense. An addition of 
; manganic oxide, not exceeding, how- 
I ever, 2^ per cent., to new material for 
I melting is also recommended. With 
this method the crucible should not be 
covered witii tallow, fat, pitch, etc. 

; Boxes for rapidly running parts of 
machines siiow great durability, being 
, but little H'orn after years of use. 

Gold.—(a) All the liquids which 
contain gold, except those in which 
there is a cyanide, are strongly acidu¬ 
lated by sulphuric or hydrochloric acid, 
unless they are already acid, and then 
largely diluted with water. Precipi¬ 
tate the precious metal by a solutibn 
i of sulphate of protoxide of iron (cop¬ 
peras), and, after a few hours standing, 
it is ascertained that the liquor does 
not contain any more gold when a new 
addition of iron sulphate does not 
produce any turbidity. The prempi- 
tated gold is in the form of a red or 
black powder; collect upon a filter, 
wash, and dry in an iron pan, with 
weights equal to its own, of borax, 
saltpetre, and potash carbonate. 
Gradually introduce the powder into 
a refractory crucible heated to a white 
heat in a good air-fumace. When all 
is introduced, increase the heat and 
close the furnace, so that all the metal 
may &11 to the bottom of the crucible. 
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After cooling, extract the button of 
pure gold which remains. If it is 
desired to dissolve the powdered gold 
left on the hlter in aqua regia, it will 
be necessary to wash it several times 
with dilute sulphuric acid, to remove 
the iron sulphate with which it is 
impregnated. This mode of reduction 
is adapted to an impure gold chloride, 
to the baths by dipping with soda 
bicarbonate or pyrophosphate, and 
also to the ungilding acids ; but it is 
imperfect with baths holding a cyanide, 
which never completely part with all 
the gold they contain by this process. 
The best manner of treating the latter 
liquors is to evaporate them to dryness 
in a cast-iron kettle, and calcine the 
residue to a white heat in a good 
crucible. A small proportion of borax 
or saltpetre may be added to aid the 
fusion, but generally it is unnecessary. 
The resulting button of gold at the 
bottom of thd crucible is red when 
saltpetre has been employed, and green 
with borax; but these differences of 
colour have notliing to do with the 
purity of the metal. 

(i) Gold may be separated from 
liquore which contain no cyanide, bv 
an excess of tin protochloride, wlucii 
produces a precipitate easily reduced 
by heat. Sulphurous acid will also 
r^uce the gold ; but in this case, the 
liquor should be heated. Granulated 
gold is obtained by running the molten 
metal, in a small stream, and from a 
certain height, into a large quantity of 
cold water. 

(c) Sweepings, saw-dust, residues 
from the Iwttoms of scratch-brushing 
tubs, filters, papers, and rage, must be 
collected, mixed, and bum^ in a fur¬ 
nace constructed for the purpose, The ] 
ashes are finely pulverised, sifted, and 1 
thoroughly mix^ with a quantity of | 
mercurj', which combines with the gold { 
and silver. The am^flgamB, separated i 
by washing, are then distilled in cast- | 
iron retorts of a peculiar shape. The 
mercury volatilises, and the gold and 
silver remain in the retort. For sepa¬ 
rating theee metals, granulate the solid I 
mass and treaf with pure nitric acid, { 


which dissolves the silver, and is with¬ 
out aQbion upon the gold. The latter 
metal collects at the bottom of the 
vessel in p black or violet powder, and 
is pure, uter having been wash^ in 
, distilled water. If an ingot contains 
only a little silver and much gold, melt 
previously with a certain proportion of 
the former metal, in order to more 
easily dissolve in nitric acid. The 
ingots of silver and copper should be 
boiled in cast-iron kf ttles with concen¬ 
trated sulplmric acid, which transforms 
<be copper into soluble aulpliate, and 
silver into sulphate, only slightly 
soluble. The separation of the two 
may be partly effected by washing, but, 
generally, the silver is precipitated by 
plates of copper. The alloy, previous 
to its solution, should bo granulated. 

(d) An easy method to recover gold 
from solutions, particularly from old 
toning-bathfl of photographers, has been 
made known by Haugk. It consists in 
filtering the solution into a white glass 
flask or bottle, making it alkaline with 
sodium bicarbonate, and then adding 
drop by drop, a concentrated alcoholic 
solution of aniline red (fuchsineX until 
the liquid retains a deep strawberry 
colour. The flask is then exposed to 
the sunlight for 6-8 hours, at the end 
of which all the gold still present will 
have been precipitated as a dark violet 
powder,and the liquid will have become 
colourless. After pouring off the liquid, 
the flask, with its precipitate, is kept 
until a fresh quantity of solution hw 
to be precipitated, and this is continued 
until the deposit in the flask is suffi¬ 
ciently large to make it worth while to 
remove it. It is then transferred to a 
filter, washed, dried, and burned with 
the filter. The residue containing the 
filter-ash is dissolved at a gentle heat 
in aqua regia, filtered, and the solution 
is evaporated to dryness. The quantity 
of impurity caused by the simultaneous 
solution of the filtor-ash is too inrigni' 
ficant to be objected to. 

(c) Although sheet sine, or lino and 
iron sheets, serve well for thepredpto* 
tion of silver, they cannot be employed 
for the recovery of gold. The lattA* 
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nepArates out in such a ease incom* 
pletely and as a firmly adhering lus¬ 
trous film in the zinc. On the other 
hand, finely divided zinc, tli« so-called 
zinc dust, is an excellent substance to 
employ for precipitating gold quanti-« 
tatively and in tlie form of powder 
from spent cyanide liiiuors. Wlieii 
zinc dust is added to a spent gold bath 
and the liquid is periodically stirred 
or shaken, all tl^e gold is precipitated 
iu 2-ti days. Tl* amount of zinc to 
be added naturally dc^xiiids on the 
quantity of gold present. FresMy 
prepared gold Isiths for gilding in the 
cold contain on the average 3’5 grm. 
gold |>er litre; whilst those used for 
the hot process contain 0'75 grm. To 
precipitate all the gold iu the original 
bath, 1*74 grm. or 0‘37—0’5 grm. 
zinc dust would be necessary, and, of 
course, a much smaller quantity would 
besufficientforthe spent liquors. Since 
the precipitation takes place more 
rapidly when an ex('.osB of zinc dust is 
resent, it is generally advisable to add 

or at the most ^ kilo, of zinc dust to 
every 100 litres of solution. 

TheprecipiUtedgold, which contains 
zinc dust and usually silver and copper, 
is washed, freed from zinc by hy<Jro- 
chloric acid, and then from silver and 
copper by nitric acid and thus obtained 
pure. 

A spent bath treated in this way 
gave the following amounts of gold 
per litre:— 

Ist experiment . 0*2626 grm. 

2nd ,, . 0*2634 „ 

Mean .... 0*2630 „ 

The presence of gold in the residual 
i^uide solution could not be qualita¬ 
tively detected. The pot^sium 

r ide of the solutions obtained by 
process should be converted into 
ferrocyimide by heating with ferrous 
enlphate and milk of lime, since this 
suwtanoe is not pedsonous, and can 
therefore be got rid of without danger. 
It would, however, be more econo¬ 
mical, and, considering the large 
amount of cyanide present, more pro- 
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I fitable to work it up into Prussian 
I blue. 

Becovery of Gold &om Gold 
Baths, etc. —To recover the gold 
from old cyanide gilding baths, evap¬ 
orate the ^ths to dryness, mix the 
resiciue with litharge and fuse the mix¬ 
ture. The gold is contained in the 
lead button tlius obtained. The latter 
ifl tlicn dissolved in nitric acid, where- 
I by the gold remains behind in the 
form of insoluble spangles. These 
Hjiangles are filtered off and dissolved 
in aqua regia. 

The following method is used for 
the recovery of the gold by the mi 
‘procesH :—The bath containing gold, 
silver and copper is acidulated with 
hydrochloric acid, which causes a dis- 
engagement of hydrocyanic acid. This 
gas is extremely poisonous, for which 
reason the operation should be carried 
on in the open air, or where there is 
a good draft or ventilation to carry off 
the fumes. A nreclpitate consisting 
of the cyanides ot gold and copper, and 
chloride of silver, is formed. This is 
well washed and boiled in aqua regia, 
which dissolves the gold and copper as 
chlorides, leaving the chloride of 
silver behind. The solution containing 
j the gold and copper is evaporated 
nearly to dryness, in order to remove 
the excess of acid, the residue is dis¬ 
solved in a small quantity of water, 
and the gold precipitated therefrom as 
a brown metdlic powder, by the ad¬ 
dition of sulpliate of iron (copperas). 
The copper remsins in solution. 

Gold and Silver ftom Sweep- 
inga. and Befuse of Gold 
Worker’s Shope. ~ Collect the 
I sweepings, ^ them, if necess^, and 
heat them in a Hessian crucible, is 
I order to destroy all the organic sub¬ 
stances. Triturate the glowed mass 
in a porcelain d^h or enamelled kettle 
I with water, and treat it with an excess 
of hydrochloric acid to dissolve any 
I alkalies or calcium carbonate present. 

. The portion renuuning unmsaolved 
I contains gold, silver, copper, sand, 
day, ferric oxide, etc. To recover the 
silver from it, wash it tiioroughly 
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with distilled water, and boil it in ^ the articlel in this warm acid mixture, 
pure nitric acid, which absorbs the ' and olifeerve the progressive action of 
silver. The residue is again thor- i the mixture by frequently removing 
oughly washed, and from the com- ' tlie orticlfa from it. The articles to 
bined fluids the silver is precipitated j be treated must be perfectly dry 
as chloride of silver by common salt, I 'before dipping them in the mixture, 
or, still better, by hydrochloric acid. ! and care must be had to preserve the 
The residue remaining undissolved ' latter from dilution with water, in 
after the treatment with hydrochloric j order to prevent the acids from acting 
acid is heated with aqua regia, and the ; upon the base-metals, 
gold precipitated by the addition of sul- I Platinum.—(a) Rtnder any kind 

pliate of iron (copiieras). Sometimes it i of platinum bath acul by hydrochloric 
may pay to treat the residue remaining , aei^, unless it is already so, and then 
undissoived in aqua regia with am- ' plunge cleansed iron into it. The 
monia in order to extract the chloride j platinum is reduced to a black powder, 
of silver, the formation of which under ) wash, and calcine to *a white heat, 
the given conditions can scarcely be : Dissolving it in aqua regia reconsti- 
prevented. An experiment with a ; tutea the platinum chloride necessa^ 
small portion will show whether such j for the preparation of the baths. Re- 
treatment is advisable or not. | duce by evaporating the bath to dry- 

Gold from Gilded Articles.— nesSjStrongly calcine the residue, then 
Gilded articles of iron and steel are wash upon a filter to remove the soluble 
best ungilded by treating them as the salts, and again heat to a white heat, 
anode in a solution of from 2 to 2| oz. The platinum thus obtained is soluble 
of 98 per cent, potassium cyanide in io aqua regia. 

1 qt. of water, and suspending a (6) From not too large baths precipi- 
oopper plate greased with oil or tallow tation of the platinum with sulphu- 
as the cathode. Gilded silver-ware is retted hydrogen is the most suiteble 
readily ungilded by heating it to glow- method, and preferable to evaporatii^ 
ing, and then immersing it in (filute and reducing the metal from the resi- 
sulphuric acid, whereby the layer of due. The process is as follows;— 
gold cracks off, the glowing and im- Acidulate the platinum solution with 
mersing in dilute sulphuric acid being hydrochloric acid, and, after warmmg 
repeated until all the gold is removed, it, conduct sulphuretted hydrogen into 
Before glowing and immersing in dilute it. The metal (together with any 
sulphuric acid the articles may first be copper present) precipitates as sul- 
provided with a coating of a paste of phideof platinum. The precipitate is 
sal-ammoniac, flowers of sulphur, borax filtered off, dried and glowed in theair, 
and potassium nitrate, which is whereby metallic platinum remaiiu 
allowed to dry. On the bottom of the behind. From larger baths the plati- 
vessel containing the dilute sulphuric num may be precipitated by suspend- 
acid the gold will be found in the ing bright sheets of iron in the addu- 
form of lamina: and scales. These are lated bath. In both cases the predpi' 
boiled with pure sulphuric acid, tated platinum is.treated with dilute 
washed, and finally dissolved in aqua nitric acid in order to dissolve any 
regia and made into cliloride of gold or copper present. After filtering off and 
fulminating gold. • washing the pure platinum it is dia- 

To ungild ulicles of silver, copper solved in aqua regia; the solution if 
or Genndn silver, which will not b^ then evaporated to dryneas in tbs 
glowing, the solution of the gold may water bath, and the chloride of plati* 
be effected in a mixture of 1 lb. of num thus obtained may he used in 
fuming sulfuric acid, 2'd4 oz. of ; making a new bath, 
concentrated hydrochloric aeid and I (c) The old developing*baths ftf 
D8oz. of nifricacid of 40° Dip ^ platinotype paper, odd bits of tbs 



Waste Metal : 

paper itaelf, spoilt prints,* etc., all 
may be reworked. Old dcvdlopers 
may lie treated with saturated solution 
of iron sulphate—1 j)art of •the satu¬ 
rated solution to 4 parts of the 
developer will lie alxjut right; the 
mixture should be heated to boiling 
iu a porcelain dish, and the precipitated 
metal collected on a filter, llad prints, 
clippings, etc., of the jumper, should Ije 
placed on a tin or iron plate and 
liurnod, the nshe? collected and di¬ 
gested for some hours at r2‘2''-iri8'^F. 
with aqua regiii, and then the solution 
diluted with an equal volume of water, 
and tile platiiAim precipitated with 
iron us aljo\e, or witii ammonium, or 
soda formate, or any other reducing 
agent. 

Silver.—It is a ftwt that only alwut 
5 per cent, of the gold and silver used 
in producing a photograph remaiuB on 
the finished picture: the lulance is 
lost, uTid below arc given a few short 
and simple methods of saving and 
reducing photographic wiustcs and 
residues. 

(rt) Old lutlis and the washings of 
the prints shuuhl lie precipitated with 
ordinary' salt, thoreliy forming silver 
chloride. Add the salt gnulually, 
stirring up the solution, until it forms 
no longer a precipitate, whieli you may 
esaily determine by taking a sample of 
it iu a tumbler or white liottlc, holding 
it up to the light when luldiug a little 
salt. Du not add too mucli, as an 
excess will rodissolve the chloride. 
When the silver is all down, pour in a 
little acid, either nitric, sulphuric, or 
muriatic, which will clear the solution; 
allow it to stand for about 24 hours, j 
then draw off your clear water and 
you have the chloride on the bottom 
of the vessel. 

(ft) The hypo or fixing solution is 
very rich. It should be precipitated 
with potassium sulphide previously 
dissolved in water, also adding it as 
long as it will form a precipitate. The 
latter, when down, may be thrown on 
a plain muslin filter to allow the water 
to drain off. Such a filter may be 
j'eadily constructed by taking a piece 
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of common unbleached muslin, say a 
yard square, tying loops to the four 
I corners, and liauging it up on sticks. 

I (c) A good many photographers are 
i in the habit of precipitating their wash- 
i ing solutions with metallic zinc ex- 
I panded in sheets therein. The action 
[ of zinc, however, is slow, and must be 
' occeleratwl by acidifying the solution. 

' Now ii frequently liappeus that the 
, fixing solution is allowed to run into 
the same vessel, and, the hyposulphite 
being an alkali, sus^iends the action of 
the zinc. In the course of time a 
dejHisit out of the water is formed ; 
but the proprietors of the “ mud ” are 
siully ciisivpjKiinted in its value, as it is 
1 sonietimes even ho poor as not to pay 
I for the trouble of refining. 

(d) All prints should be trimmed 
before toning, as it saves gold, and, 

■ besides, toiioil jwpci' is of liardly any 
I value. Keep the untoned clippings 
I and filters clean by themselves; do 
I nut tiirow swcujiings. pieces of glass, 

, uu<l KjKiiled fernit}]io plates among 
I tlicDi, us their bulk only decreases the 
' real viduo. If you wish to bum the 
I {Mjier, have your stove cleared of 
cinders and ashes, and proceed slowly, 

I for a good draugiit will carry many 
' jAirticles of silver through the flue. 

I (r) Your toning solution tlirow down 
I with iron sulphate, but be sure and 
have the solution “acid,”as otherwise 
the iron will be precipitated, and your 
gold goes up the chimney. Save your 
developer and collodion skins; they 
will also amount to something in the 
course of time. 

(/) Sometimes tlie wood of barrels 
wliich contained waste solutions for a 
number of years is quite impregnated 
with silver, some l^rrels yielihng as 
much 06 30 oz. of metal; so, when 
yours are unfit for further use, you 
know what to dq with them. 

(p) lAst, but not least, do not send 
small lots of waste to be refined, but 
wait until you have a reasonable quan- 
I tity for expenses, and charges ue then 
comparatively less. 

(A) Ck)mmon salt is without action 
' up»B the liquids which bold silTer in 
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the stAte of a double salt, and will 
rather aid the solution than the pre¬ 
cipitation ; such are the double tar¬ 
trate of silver and potash, whitening 
bath, the double sulphite of soda and 
silver, and the bath for dipping. Be¬ 
fore employing common salt, add 
sulphuric acid, which, displacing the 
other acids, restores the silver to the 
state of a simple salt, easily precipi¬ 
tated by common salt. Hydrochloric 
acid alone precipitates silver well from 
these solutions. Liquors containing 
silver as cyanide are also exceptions; 
to extract all the metal, use the pro¬ 
cess employed for similar combinations 
of gold, evaporate to dryness, and 
reduce the mass in a crucible, with an 
additionof soda carbouateand powdered 
charcoal. The metalhc silver remains 
at the bottom of the crucible. 

(i) Baths of silver cyanide, the resi¬ 
dues from galvano-plastic establish¬ 
ments, are precipitate with sulphuric 
acid. The precipitate contains all the 
silver, along with copper, ssinc, and 
iron. It is ignited, and the residue | 
is treated with nitric acid, which dis¬ 
solves out the silver, zinc, and copper. ; 
From this solution the silver is thrown 
down as chloride. The portion insolu- I 
ble in nitric acid contains carbon, i 
ferric oxide, and traces of silver, which ! 
may be exti^ted with ammonia. I 
(k) Filter the solution of silver pro- j 
po^ to be operated upon until it is | 
clear, and place the filtrate in a clean 
white bottle of suitable capacity. To 
each pint of the liquid add 4 oz. or 
more of mercury, and allow the mix¬ 
ture to remain at perfect rest for a 
few days. In a very few hours a 
beautif^ sparkling coruscation will be 
found forming upon the surface of the 
mercuiy what is known as double 
elective affinity, and for each atom of 
tiie silver so deposited, a correspond- 
iog amount of mercuiy is acted upon 
by the nitric acid of the silver, and 
paeses into aoIutioD as mercury nitrate. 
Iklie'depodtion eontinues until all the 
gUver has been thrown down, when we 
find over it a strong solution at mercury 
nitrate, which may he obtained in the 


I solid cry.«ftalliiie form by evaporation, 
j In a ^ew days the deposition will be 
! completed, which can be readily seen 
: if the trSe ceases to grow. Shake the 
, bottle thoroughly, so that the branches 
' of the tree are detached and broken, 
and brought in thorough contact with 
the mercury, where the spangles of 
silver are quickly dissolved. The 
watery part of the mi.xture can now 
be drawn or decautwl off from the 
mercury, and the Matter placed in a 
bug, or, better, in a large piece of fine 
tough buckskin, and press^ with force 
between the hands. When no more 
• mercuiy can be s<}ueeied through, the 
bog may l)e opened and the lump of 
. brittio amalgam removed, and pre- 
: served in a well-cleaned and stoppered 
bottle until more has been accumu- 
; lated. In case all the mercuiy should 
disappear at the end of the process, a 
little more may l)e added to the watery 
solution to ascertain whether it still 
contains silver. 

(^) A method of reducing silver chlo¬ 
ride to the metallic state, especially 
adapted to the practice of amateurs, 
formed the subject of a paper read 
before the Manchester Photographic 
Society by Mr. J. Leigh. 

Many amateurs, said the author, 
trouble themselves very little about the 
reduction of photograpliic silver wastes, 
simply l)ecause they consider their 
sma^ quantities not worth sending to 
a professional refiner, or that the pro- 
i cess of reduction to the metallic state 
is troublesome and not worth the 
expense. The process about to be de¬ 
scribed is simple, effectual and eco¬ 
nomical, and particularly suited to the 
I amateur who has comparatively small 
' quantities to operate upon. As regards 
’ the precipitation of AgCl from solu¬ 
tions containing Ag NO, we all make 
use of common salt. In my dsrk 
room is a large inverted bell-glasfe, 

; into which are poured the washing 
: waters of dry plates and paper printa^ 

I the rinsings of glasses, baths, ana othv 
vessels which have centred AgNO^ 
! m Bolutidn; uid, at the end m the 
’ season, all tlie nitrate baths Kt $dd$A 
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to be precipitated as 01 by the 
process just mentioned. The pfecipi- 
tated chloride should be well washed 
by decantation, dried, and •weighed, 
or it may be poured into the evapo¬ 
rating hwiu without washing. Add 
to the Ag Cl about its own weight of 
KOH or Na OH, and lialf its weight of 
cane sugar with sufficient water to well i 
cover the whole, and lx)il for about 15 
minutes over a "S ..usen’s burner. Tins 
solution turns miAldy on applying the 
heat, but in a few minutes gets some¬ 
what clearer, owing to the reduction 
of the silver, which settles on tiie 
bottom of the taain in the form of a 
grey powder, lacking altogether the 
metallic lustre of silver cast into ingots 
or buttons. The finely divided silver 
is transferred to a precipitating beaker 
and well washed by decantation. The 
clear washing water is now tested with 
AgNO,until no precipitate is obtained; 
the silver is then washed in two 
changes of distilled water. There is 
nothing new in tho above j^rocess; it 
is based upon the fact that solutions 
of sucrose or dextrose in tiie presence 
of alkalies, reduce the salts of tlie noble 
metals to iha metallic state; the 
chlorine, in the case of clilorides, re¬ 
maining in solution. 

At the commencement I stated tliat 
this was au effectual method of reducing 
AgCl, which I tluuk I can prove. 
Prom one precipitation I had 5663 gr. 
of dried AgCi, which, according to 
calculation, would yield 4262 gr. of 
pure silver. I actually got 4250 gr., 
beingalossof 12gr., possibly accounted 
for by the chloride having absorbed 
moisture between drying and weighin g ; 
or probably a small quantity of kaolin 
may have been mixed with the chlo¬ 
ride. The process is also economical, 
NaOH costing about 4d. per lb., and 
sugar about 1^. per } lb., which is 
sufficient to reduce considerably more 
than 1 lb. of Ag Cl to the metallic 
state, without the expense of building 
afurnace; also less the risk of a broken 
cntdble, and possibly, the trouble of 
ooUeoting the precious metal from the 
remains of a coke fire, which is any¬ 


thing but amusement. Those who 
prefer a crucible can obtain sufficient 
heat on an ordinary blacksmith’s 
hearth, with a small c^ fire. 

(m) Put well-washed silver chloride 
inti) an iron ‘ ladle, with a little pure 
water above the chloride. The greater 
affinity of iron for chlorine determines 
its departure fn)m the silver; and, 
after standing 24-30 hours, throw the 
contents of the ladle upon a filter, and 
wash thoroughly with pure water to 
remove the soluble iron chloride; the 
residue will be purs silver in a minute 
state of division. This method is 
rarely employed, on account of the 

: length of time required. 

(n) Well-washed silver chloride 
(water does not dissolve a trace of it) 
is put into a stoneware pan with two 
ur three times its weight of zinc, and 
the whole is covered with water ren¬ 
dered acid by sulphuric acid. As soon 
as they are in contact these substances 

j react upon each other; the sulphuric 
acid and the zinc decompose the water, 
tho oxygen of which oxidises the zinc, 
which then combines with the acid, and 
forms zinc sulphate, a very soluble 
salt; the hydrogen transforms the 
chlorine of the silver into hydrochloric 
acid, which is also very soluble in 
water. Before filtering, wait until all 
the zinc is dissolvci^. The remaining 
silver is in impalpable powder, and 
cannot pass through the filter. Wash 
the silver tiioroughly with pure water, 
and it may then be dissolved in pure 
I nitric aci<l to form a pure silver nitnite. 

I This process is seldom employed, as it 
I is difficult to find zinc without lead, 
wliich will unite with and follow the 
silver in subsequent manipulations. 

, (o) The silver chloride, freed from 

foreign metallic salts by washing, is 
mixed with four times its own weight 
I of crystallised sqda carbonate, and &lf 
' its weight of pulverised charcoal 
I Make into a homogeneous paste, dry 
1 thorough^ in an iron pan, and then 
j place in a red-hot onicible. After 
I fusion the heat is raised, in order to 
I allow the smallest globules to reach 
, the bottom of the crucible. Should 
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the crucible be moved at the time of 
the solidification, the silver will be of 
a very irregular shape. To obtain 
granulated silver pour it in a small 
stream, and from a height, into a large 
volume of water. 

(/)) To recover silver from trimmings 
of uutoncd prints, procure an old iron 
bucket or jM)t, and place the cuttings in 
a few handfuls at a time, and apply a 
light to tliem, when they will quickly 
bum to ashes. As they }>urn down, 
keep adding the cuttings, which must 
be stirred up frequently with an iron 
rod, so as to completely reduce all the 
mass to fine ashes. Of course the burn¬ 
ing must be done out of doors, owing 
to the dense smoke and disagreeable 
fumes. If in windy weather, place a 
piece of sheet iron partly over the 
bucket to prevent the aalies from blow¬ 
ing away. The tire will be a long time 
dying out. After the trimmings are 
reduced to ashes, the ashes can then 
be reduccxi to mettillic silver in a 
crucible with equal quantities of soda 
carbonate and I)orai. 

( 9 ) The residues almost always esist 
as £^ver chloride. Wash by decanta¬ 
tion, with plenty of water, in a capa¬ 
cious vessel which can be shaken, the 
mass—filter-paper and all—till free 
from copper, etc. Next drain off as 
much water as possible, and add strong 
ammonia, and after a time filter to 
get a clear solution. Place this in a 
wide-mouthefl bottle, which fit with a 
cork. Through the cork pass two 
wires, to one of which atbwh a cathfxic 
of a strip of silver, and to the other 
an anode of lead. Lastly, connect a 
Daniell cell, and leave to itself for a 
day or two. The strip of silver will 
then be found studded with crystals 
of the reduced metal, while the lead 
will have a scale of lead chloride, some 
of which may have fallen to tlte bottom 
of the bottle. The ammonia is then 
shaken up, with the remaining undis- 
solved residue, the lead is scraped, and 
th& cell is reo^rged, when all is again 
ready to proceed for another two or 
three days. It is obvious tha^ a bs^; of 
the washed residues can be suspended 


in the electrolytic bath. It is not a 
prooees to be recommended if rapidity 
is an object; but tliis is often of no 
consideration whatever. I do not re¬ 
commend itfor large quantities, though 
1 under certain circumstances it might 
answer even then; but for small 
quantities, such as pints or quarts, I 
certainly do, and chum for it the fol¬ 
lowing a<lvantages : First and greatest. 
Leas expenditure of„ superintending 
time and tnmble thin any otlier. The 
,t imc cspetidetl iu preparing the ammo- 
niacal solution is but a few minutes. 
That exjwnded in charging the cell is 
aliout the same, and Ixurdes these there 
is absolutely nothing to do beyond 
occasionally scraping tlie lead anode 
and collecting the silver cryatals, after 
the easily fitte<l up and simple appa¬ 
ratus necessary lias been procured. 
.Second, small cost of apparatus and 
materials. Those consumed are zinc, 
copper sulphate, and load. Tlic am¬ 
monia will do over and over again, for 
the cork prevents its dissipation, and 
tho loss in manipulation need be very 
small. Third, there is less mess and 
disagreeable work than any other 
method I know of. Fourth, the silver 
is obtained iu a convenient form for 
future use, which is usually to prepare 
the reagent, silver nitrate. I have 
tried the method of reducing by means 
of zinc, but found these dit^vantages 
and difficulties :—First, it is not easy 
to ascertain when all the chloride is re¬ 
duced. Second, washing the metallic 
silver jsiwder free from zinc chloride 
is a matter which takes a very consider¬ 
able time. Third, the process is messy 
and disagreeable. Fourth, the reduced 
metal cannot be very pure, for ordinair 
zinc always contains a little lead, which 
would remain with the silver. I have 
also tried reduction by moans of glu¬ 
cose, though not very thoroughly, find¬ 
ing it take time and trouble. The pro¬ 
cess of reduction with soda oarbonato 
in a crucible is the worst of all in my 
estimation for small (|uantitisB. ISm 
time is greater than any others, and 
the heating of the crucible without 
special apparatus Is most troubleeome, 
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to Bay nothing of the fuel sonsumed. i 
Moreover, whatever others find, | 
1 have always observetl numerous little 
beads of silver scattered 19 a most ' 
aggravating manner all over tlie pot, 
which it is imixjssible to collect. I 
may mention that by the electn)lytic 
methexi described, every trace of silver 
leaves tiic solution after a lime, as may ' 
be prove<l by neutralising w ith an acid. 
One word more It might l)e worth 
while dipping tntaends of e^eposed iron 
into melte<l jiarallln wax liefore placing 
in the electric bath.—(L. S. Powell). 

(r) A jirocess invented by Stockmuir 
and Flcisehma^n, and worked out by 
them in the chemical laboratory of the : 
Bavarian Industrial Museum, is exceed¬ 
ingly simple, and is employed in many 
establishments. In order to remove 
silver from a |x>tas 8 ium cyanide silver 
solution, it is only necessary to allow a 
clean piece of plate zinc to remain in 
the liquid for two days ; even better | 
results are obtained by the use of iron I 
conjointly with tlio zinc. In the tirtit 1 
case, the silver often adheres firmly to j 
the zinc, whilst in the second it always 
separates out as a powder. It is then 
only necessary to wa«h the precipitated 
powder which usually contains cupiier 
(since spent silver solutions alway.s 
contain copper), dry it, and tljen dis¬ 
solve it in hot concentrated sulphuric 
acid, water being o<lded, and the dis¬ 
solved silver is precipitated by strij^s 
of copper. The silver thus obtained is 
perfectly pure. If theamountofcopj)er 
present is only small, it can usually 
be removed by fusing the })rccipitatcd 
powder with a little nitre and ^rax. 

In tills way a spent silver lath was 
found to contain per litre— 

Fir^t experiment . l‘5706grm. 

Second „ . 1*5694 

Mean .... 1*5700 

The presence of silver could not be 

S 'itatively aaoertained in the resi- 
liquor. 

(•) After Boaking the prints for five 
minutee in water made slightly acid 
by aostic add, remove them to another 


dish, and add to the water from which 
you have just taken them about a tea¬ 
spoonful of salt; stir it rapidly for a ‘ 
moment with the hand, whenitb^mes 
as white and thick as milk. This solu¬ 
tion is then poured into a common 
wooden pail, which will hold enough 
water for the first washing of a hundred 
prints, and the next day, when rewly 
to tone again, you will find that the 
solution lias b^me perfectly clear, 
and in the bottom of the pul is a clear 
white sediment—pure silver chloride. 
Then pour off the water to within an 
inch of the bottom, and the pul is 
ready to be filled again. 

On adding salt to the second water 
in which you washed the prints, there 
is hardly a trace of silver and it is not 
worth saving. About once a montli, 

; pourthe settlings from the pail through 
I a fine cloth to filter it, and throw the 
I cloth and contents into the silver papier 
clippings. In this way you will save 
moretlianlialf the silverusedinm^ng 
the print.—(A. C. Hopkins). 

(t) To separate silver bromide from 
waste emulsion, Scola recommends 
, that 2-S per cent, of sulphuric acid 
I should be added, and the mixture 
! should be boiled for some minutes, 
^ter which the bromide settles rapidly 
; to the bottom of the vessel, it is 
I now washed and dried, when it is ready 
to be cast into sticks for use in the 
battery about to be descrilied. 

The battery in which the reduction 
is effected is constructed on precisely 
i tiie same principles as the silver chlo¬ 
ride battery of Warren dc la Rue, and 
one form of tliis, as is well known, 
consists of a rod of amalgamated zinc 
immersed in acidulated water, and op¬ 
posed to a similar rod of fus^ silver 
chloride, a platinum wire being em¬ 
bedded in this latter to serve as a 
conducting terminal. When the plates 
of the battery afe connected by a con¬ 
ducting circuit, the silver chloride be¬ 
comes reduced to the conditi<m of 
metallic silver, while the chlorine unites 
I with some of tlie zinc to form zino 
I chloride. 

I If the negative plate of the batWy 
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is made of fused sUver bromide, reduc¬ 
tion takes place quite readily when 
the terminals are united ; and when 
the battery is exhausted, it is merely 
necessary to fuse the resulting spongy 
silver in order to obtain it in a con¬ 
venient condition for use in making a 
freshsupply of uitmte, while the whole 
of the bromine takes the form of zinc 
bromide, and remains in solution. 

(u) Those who are familiar with 
gelatine dry plates must be aware of 
the large amount of undeveloped silver 
bromide film there is left on the plate 
after the development of the exposed 
image. For the purpose of dissolving ' 
the unused silver bromide and clearing I 
the negative, it is immersed in a bath ' 
of soda hyposulphite. The bath, in the 
course of time, naturally l>ecomes i 
highly charged with the dissolved 
silver liromide, and many processes 
have been devised for recovering the 
waste silver therefrom. 

One of the most simple is to pour 
into the hypo bath a saturated solution 
of potash sulphide, which immediately 
thi^WB down the silver in the form of 
a black, daky precipitate. 

The principal objection to this pro¬ 
cess is the disagreeable smell of sulphu¬ 
retted hydrogen gas given off, which is 
espeoally annoying when large quanti¬ 
ties are used. The gas also does 
damage by injuring chemicals, sensi¬ 
tive plates, and paper within its reach. 
Dr. Legrange, a German chemist, re¬ 
commended the use of a solution o_ 
ferrous oxalate, but as this is expensive 
its tise has not become general. Dr. 
F. Stoll, editor of the Wochtnblatt, 
followed out Legrange’s idea by sug¬ 
gesting tke use of the waste ferrous 
oxalate or pyro developer for precipi¬ 
tating the silver; a plan which is of 
practical use to the photographer and 
amateur. The preemitatiou of the 
silver is slower' % this process than 
with tlw potash sulphide, but it pos- 
sesoes ^e advantage of utilising the 
waste developer, which is usually 
thrown down the sink. 

After the old hypo bath 1 )bb been 
poured into a atone jar or any old 


{ vessel, the waste developer is mixed 
with it from time to time after it is 
used. Repeated pourings of the deve¬ 
loper will) after a time, precipitate all 
the silver. 

When all the silver has been appa- 
I rently thrown down, a little of the 
I clear liquid at the top is taken out in' 

' a test tube and tested with a solution 
I of potash sulphide; if no precipitate 
I occurs, all the clear liquid above the 
! precipitate in the bottom of the jar 
I may be decanted off, and the next 
; saturated solution of old hypo may be 
poured in and treated with the waste 
developer. • 

(v) The following is the course we 
advise for the adoption of the user of 
dry plates on a moderate scale, who is 
not averse to the reduction of his ex¬ 
penses by saving his silver waste 
ObUun a two-gallon glass jar having a 
loosely fitting cover, and about 4 in. 
from the bottom drill a hole in the 
side. This hole is then fitted with a 
wooden plug, or, what is better, a 
small tap, which is retained in pto 
by a screwed nut, aided by rubber 
washers. This jar is placed on a shelf 
in a garden or outside of a window; at 
: any rate, in some place with wldch 
there is direct open-air communicatioD. 
This is rendered necessary on account 
of the offensive smell emitted at a sub¬ 
sequent stage. Into this the waste 
fixing solutions are poured, and When 
the jar is nearly full, a omall portion 
of a so’ution of potassium sulphide 
(sulphuret of potash or Itver of culphur) 
is poured in and mixed with the solu¬ 
tion by stirring with a wooden or glass 
slab. Instantly there is a dense'depo¬ 
sition of silver sulphide in the form ol 
a dark mass. Precisely how mnoh of 
I the sulpburet ought to be added caa 
I be determined only ejmttime&t* 

' After the precipitate descend a littlOt 
if the addition of two or three dron of 
the sulphuret is not seen to prodooe ( 
a further precipitate, then enoagh baf 
been added; Init if this addiUon oauol - 
further blackness, It must be o(atjllQed' 
until all the silver is found to bt| ooti- 
verted into sulphide. It is advim* 
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that no more be added thaa suffices to ; 
effect this end. Owing to the slow- | 
ness with which the precipitation 
takes pWe^ it may, in many cases, be 
expedient to have in use two such jars 
as that described. After the precipi¬ 
tate has settled down to below the 
level of the hole or tap in the side of 
the jar, the supernatant liquid must 
be run off through this aperture. 
Upon replacing the plug, water coay 
be added to wash the silver sulphide 
wlxich is insoluble in water. In this 
case the deposition will take place mbre 
quickly thw before. Having obtained 
the silver sulphide as a dark pasty 
mass, it can either be placed in the 
hands of a professional metallurgist or 
reducer, who will most willingly either 
purchase it at full value, or fuse it 
into a button of metallic silver; or, 
secondly, it can be converted into silver 
nitrate % the addition of nitric acid, 
in which it readily dissolves; or, 
thirdly, it may bo mixed with a flux 
compra^ of soda carbonate, 7 os.; 
potash carbonate, 7 oz.; potash nitrate 
2 oz. Mixing this with the silver in 
equal proportions, placing in a crucible, 
and then fusing in a furnace, this gives 
a button of pure silver. The silver 
nitrate obtained by the second opera¬ 
tion is not sufficiently pure for some 
purposes, but, of course, it may be 
easily purified. The following is a 
pretty experiment, and one which is 
also useful, inasmuch as it reduces the 
sulphide very quicklj. Having cut a 
hollow in a block of wood, pl^ in it 
a mixture composed as follows:—Sul¬ 
phur, 2 parts; nitre, 4 parts; fine saw¬ 
dust, 2 parte; with an equal volume 
of iffiver sulphide. Apply a lighted 
match to tb^, and defla^tion will 
take place with great rapidity, and at 
the close, in a few seconds, the silver 
will be femnd at the bottom of the 
cavity as a beautiful white lump of 
lulling metal.—(‘ Photo Times.’) 

Silver from Cyanide Plating 
Bolutiona, etc.— The baths may be 
evaporated to dryness, the residue 
mixed with a sm^ quantity of cal- 
(xned soda and potesaium cyanide and 


fused in a crucible, whereby metallic 
silver is formed, which, when the heat 
is Buffidently increased, will be found* 
as a button upon the bottom of the 
crucible; or if it is not desirable to 
heat to the melting point of silver, the 
frittod rnww is dissolved in hot water, 
and the solution containing the soda 
and cyanide quickly filtered off from 
the metallic silver. The evaporation 
of large quantities of fluid is, to be 
sure, inconvenient, and requires con¬ 
siderable time, but the reducing pro¬ 
cess above described is without doubt 
the most simple and least injurious. 

According to the wet method the 
bath is strongly acidulated with hydro¬ 
chloric acid, observing the precaution 
to provide for the effectual carrying off 
of the hydrocyanic acid liberated as 
given under gold. Remove the pre¬ 
cipitated chloride of silver and cyanide 
of copper by filtration, and after 
thorough washing, transfer it to a 
porcelain dish and treat it, with the 
aid of heat, with hot hydrochloric acid, 
which will dissolve the cyanide of cop¬ 
per. The resulting chloride of silver 
is then reduced to the metallic state 
by tnixing it with four times its weight 
of crystallised carbonate of sodium and 
half its weight of pulverised charcoal. 
The whole is made into a homogeneous 
paste, which is thoroughly dried, and 
then introduced into a strongly heated 
crucible. When all the material has 
been introduced the heat is nused to 
promote complete fusion and to facili¬ 
tate the collection of the separate 
globules of silver into a single button 
at the bottom of the crucible, where it 
will be found after cooling. 

If granulated silver is wanted, poui' 
the metal in a thin stream, and from 
a certain height, into a large volume 
of water. 

Detilvering. — According to the 
nature of the base-metel different 
methods have to be employed for de- 
silvering. Silvered iron ariidet are 
treated as anode in a potassium (Tamde 
solution in water (1:20), the iron not 
being brought mto solu^n by potas¬ 
sium cyanide; as cathode suspend in 

2 H 
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the solution * few silver anodes or a ^ 
copper-sheet rubbed with an oily rag. 
The silver precipitates upon the copper- ; 
sheet, but does not adhere to it. , 
Articles, the basis of which is copper, 
are best desilvered by immersion in a 
mixture of equal parts of anhydrous 
(fuming) sulphuric acid and nitric acid 
of 40° B6. This mixture makes the 
copper passive, it uot being attacked, 
w^e the silver is dissolved. Care 
must, however, be had not to introduce 
any water into the acids, nor to let 
them stand without being hermetically 
closed, since by absorbing water from 
the ^ they become dilute, and may i 
then exert a dissolving effect upon the 
copper. The fuming hydrochloric 
acid may also be heated and 150 parts 
of cryst^ised nitrate of soda be added 
inst^ of the nitric acid. In this hot 
acid desilveriug proceeds more quickly 
t han in the cold acid mixture, but the 
latter acts more uniformly. DesJver- j 
isg is complete when the articles, on ^ 
being pickled, show no stains. 

Tm,“<a) The tin-clippings are put 
into a drum, consisting of stout copper¬ 
sheeting, and provided with holes | in. 
diameter and 2 in. apart. It holds 
about 1000 lb. of clippings. Itis first 
made to rotate In an acid bath, in 
which the tin is separated from the 
iron : then, by means of a crane, it is 
lifted into a water-bath, thence into 
a potash chlorate bath, and, finally, 
once more into a water-bath. In the 
first bath the drum rotates, according 
to the quantity of free acid, 6-50 
minutes; in the others, which are 
only intended to wash away the acid, 
5 minutes in each. The work of filling 
and passing the drum through the 
four baths, and emptying it, takes 
70 minut^, and as a drum holds 
1000 lb., 4^ tons of tin waste may 
easily be worked up a working day 
of 10 hours. 

In the add bath about 5 per cent, 
of, iron is dissolved beside the tin. 

sdutioD having been passed into 
suitable vessela, the lead is first sepa¬ 
rated, whereupon, by the insertion of 
anc plates, pure tm is preci|ntated. 


The latter is obtained partly in well 
developed crystals, but mostly in a 
flocculent state. After having been 
well washxl in water, it can be melted 
in an iron vessel, and cast in blocks 
for sale. Since, by the precipitation 
of the tin, sdne is dissolved (one part 
of zinc precipitates about two parts of 
tin), there is finally obtained a solution 
of zinc and sulphate of iron, which 
may be used for preserving wood from 
rot, for disinfecting,H)r in the prepara- 
iion of various paints. The waste 
freed from tin is packed into casks, 
and sent to iron-works. (A. Otto.) 

I (6) It is not ]K)8sibIe to obtain a 
complete separation of the iron and 
tin by proceeding according to the 
various methods which depend upon 
bringing the scrap to the melting-point 
of tin, which is then removed in the 
molten state by mechanical means, 
such aa revolving the scrap in a drum 
I with saud, or by use of a centri- 
. fugal machine. The iron which is left 
I contains so much tin as to be of little 
value for working up in the furnace. 
The salts of tin obtained by treating 
‘ the scrap with acid solvents are also 
' too much contaminated with iron to 
render an acid extraction process ad¬ 
visable. Better results, however, 

I should be obtained with Reinecker’s 
i process, which depends upon the power 
, wliicb caustic alkali has of dissolving 
: tin when an oxidising agent is present. 

I According to this process, the scrap if 
cut up into small fragments, treated 
\ in revolving drums with caustic soda 
for the removal of grease, and thenoe 
transferred to other drums, to be acted 
upon by a solution of lead oxide in 
caustic soda. The reaction which 
occurs may be expressed hy the equa¬ 
tion : Sn + 2NaOH + 2PbO=:Na,8nO, 

; -h 2Pb -h H,0, and since, to a 
extent, this is prevented from tauig 
place by atmospheric carbonic acid, 
Reinecker has devised a suitable appa* 
ratus for the purpose. The lye con* 
taining soda stannate is separate from' 
the finely divided lead, the former to • 
be worked up ip the most oonveifient 
manner, the latter to be oxi^ied attd 
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employed in eubeequent operations. 
(Dr. Czimatis). 

(c) Owing to the vast accumulation 
of tin scrap in canister, bfttton, and 
other manufactories where tinned iron 
plate is extensively employed, con¬ 
siderable attention haa been devoted 
to the utilisation of the same, chiefly 
witli a view to the recovery of the tin, 
either in the metallic form or that of 
one of the varXji^s salts of tin used in 
commerce. 

It would be interesting and amusing, 
although not instructive to an e<|ual 
degree, to glanceattlie various methods, 
paterit or otherwise, which have been 
suggested from time to time to effect 
this purpose. The seyjarate actions of 
acids, alkalies, and chlorine have 
Iteen utilised ; friction and fusion have 
been resorted to ; and more recently 
electricity has been pressed into 
service. 

Of these methods I am only aware 
of three which luwe hean emjjloyed on 
any large scale, vix. dissolving in a 
mixture of hydrochloric and nitric 
acids, and Bub6e<[uent precipitation 
of tin by metallic zinc; treatment 
with Giustic soda and litharge, forming 
soda stannate; and the formation of 
tin tetrachloride by the action of dry 
chlorine gas. 

The fest-named process is worthy of 
special mention, and is due to Prof. 
Lunge. The following is a summary 
of the details of the process :— 

The cuttings with which wc had to 
deal varied considerably in value. Some 
of the thicker ones contained little 
more than 3 per cent, of tin, while 
some of the tWnner kinds contained 
8-9 per cent. I considered 6 per cent, 
as arout an average. The quantity 
obtainable was calculated at about 
6 tons per week, and the plant was 
dengned to accommodate tbst quantity, 
charging twice a day. The iron was 
designed to be converted into sulphate, 
a large quantity of which could be 
disposed of at a high price; the_ re¬ 
mainder was to be converted into “ iron 
mordant”; the tin was to be converted 
into stannous chloride, and other salts 


of tin employed as mordants, and 
largely used by the dyers of that neigh¬ 
bourhood. 

Arrmgement of Baths .—The best 
plan was evidently to make the resist¬ 
ance of each lath as little as possible, 
consistent with facility of working, 
and then to arrange them parallel, or 
in series, or both, so as to include the 
resistance mentioned above. Eight 
baths were decided upon. These were 
made of wood, lined with rubber, and 
each had the following internal dimen¬ 
sions. Length 1.^0 cm., breadth 70 
cm., depth 100 cm. The thickness of 
the wood w’aa f) cm., that of the rubber 
3-4 mm. Each four baths were 
forme<l by the division of one large 
' tank, 3 m. by 1^ m., and the two 
bulks were firmly secur^ by iron bolts 
running from ride to side. Placed 
longitudinally, they occupied exactly 
the breadth of the building, and they 
wore fixed at the end of the same, at an 
elevation of one metre from theground. 
lu front was a platform, at one ride 
of which was a door for the admission 
of the cuttings, after being washed 
and packed. The dynamo was situated 
in the engine room just behind the 
baths, and communication was made 
by two copper cables passing through a 
hole in tlie wall. At either side wall, 
and on a level vrith the baths, was a 
dissolving tank capable of accommoda¬ 
ting half the cuttings after the removal 
of the tin. A little farther on, and 
nearly on a level with the ground, were 
the evaporating down tanks. The crys- 
tJAlHaing tanks were situated beneath 
the ground level, so that the solution 
could be run off from one stage to 
another without any pumping arrange* 
ment. 

A nodes .—The anodes were composed 
of the tin scrap. Baskets were obtained 
to pack the cuttings in. These, at 
first, were made of wicker-work, but as 
they were too flexible, and soon rotted 
by the action of the acid, their place 
was supplied by strong woc^en baskets, 
whose sides were formed of stout up¬ 
right vutKtden bars, 2 cm. thick, with 
spaces between them sufficient to allow 
2 H 2 
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the Bolution to circulate freely, while ] the tin had been precipitated from it. 
preventing the exit of the scrap. The ' Commfercial acid of 60° B. was diluted 
mterualdimenBionBof the baskets were: with 9 volumes of water. • 

Length, 120 cm. ; breadth, 30 cm. ; Above the tanks was a pulley ar- 
depth, 85 cm. Great care was required , rangemeut for raising the b^ets and 
in packing the scrap, because, if it plates out of tlie baths as required; 
were packed too closely, the metallic there was also an arrangement of levers 
surfaces thereby united, and prevent- and eccentrics constructed, whereby 
ing the circulation of the electrolyte j the baskets were kept in gentle motion 
between them, necessarily retained : in the baths, thus exciting circulation 
their coating of tin. These baskets in the liquid, and tending to prevent 
held 60-70 kilo, of the scrap, the eiglit polarisation. The h(frizontal axis upon 
being capable of accommodating about which the eccentrics were disposed 
half the totahquantity required. Long | madeabout tworevolutionspermiuute, 
and narrow strips of the same mate- , thereby raising the baskets a distance 
rial were employed to complete the i ofabout5cm. Levers were fulcrumed 
communication with the conductor. , into the wall; these p^sed over the 
As the resistance of iron to the current I eccentrics, and at their extremities 
is comparatively great, a large number | ropes were fixed communicating with 
of these were required to prevent ex- the baskets. 

cessive heating. At one end they were The current was conducted by thick 
soldered together, and connected with copper wires of several plies. Although 
the copper conductor by means of alrewy coated, they were enclosed in 
Undin^ screws; the other extremities rubber tubing as an additional proteo 
were distributed throughout the scrap, tion. 

CafAocfM.—Copper plates wereem- Theamngemont of the plant having 
ployed as cathodes. These had a been detail^, it remains to give the 
thickness of 1^ mm., were 120 cm. results of the working of the same, 
long, and 95 cm. in breadth. There The baths were first arranged in #m«i. 
were 16 in all, two for each bath, placed The connections being complete a 
one on either side of the baskets. To current of 240 amperes at 15 volts wu 
keep these thin plates of copper as pa»jed through the plant, this ^ving 
plane as possible, each was surrounded to be the most economical condiUon cf. 
oy a framework of copper rod of working. *' 

square section. They were coated The tin deposited was at first of a 
with tin to prevent corrosion, as well spongy nature, owing to the great 
as to avoid solution hy any accidental acidity of the bath. Soon, however, 
reversal of the current. These plates it be^n to be precipitated in a more 
rested in grooves at the sides of the dense, extremely fine, granular, and 
tanks, placed at a distance of 10 cm. partially crystalline state, which in* 

4 from the sides of the baskets. They deed was preferable, as it fell to tJto 
were provided, as also were the baskets, bottom of the bath, and was not i& 
with rubber rollers extending to the danger of forming a oommuniofttiofl 
■idee of the baths, enabling them to be with the anode. I will not say th^ 
raised out of the same with ease, and the tin was chemically pure,'* but H 
vritbout injury to the rubber coating, was purer than comment tin, andt” 

Eleotrol ^.—Dilute sulphuric acid whenthoroughly washed, contained no,' 
fonned the electrolyte. This was trace of iron. It fused readily, 
employed, not only on account of its almost completely, and that withom j 
eoD^nnktively amall resistance to the any addition, provided it had pravl- ^ 
ouxnnt, hut also because it was con- ously been thoroughly waslmd ttd - 
venient to turn the solution into the dried. The rapidity with wfaiidi ^ 
iron sulphate tanks, as soon as it be- dissolved in hydmohlorio add was « 
came saturated with that salt, and all to be compared to the sjoir aotiSQ-pi 
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that liquid upon granulatdd tin, and , tanks with the greatest ease; the tin 
this rendered it peculiarly suit^le for remainingunacted upon in the presence 
the preduction of stannous chloride. of the large excess of iron always pro* 
From the data already ^ven, the vided for, and it was not’ difficult to 
theoretical amount of tin deposited can ! recover that tin, and utilise it with 


readily 1)6 calculated. The electro-ehe- | 
mical ecjuivalent of titi as a dyad, coin* j 

pared with silver is - 0‘546, 

^ 107-66 ’ I 

and this is equivalent to the precipita- ! 
tiou of 67-6f) V^‘r)4() = :i6‘94 ingni. 
of tin per minute per ampere. For 
240 amperes, working through 8 baths 
arranged in series, we obtain a total ])re* 

• -A A , ii6-;)4x240x8x60 ,..,r 

cipitate of — t— -— = 4 * 2o 

^ 1,000,000 

kilo, per hour. As a matter of fact, 
little moi-e tlian half this ipiantity was 
obtained, the discrcfiancy being due to 
part of the current lieing alworlx*d in 
dissolving the iron as well as the tin, 
as soon us the former l)egan to get 
bare. Tlas, together with the natural 
solution of the iron in the acid, led to 
the rapid accumulation of sulplute of 
irou in the Ittths. The acid here em¬ 
ployed took alout seven weeks to lie* 
come saturated. On analysis, the 
baths were found to vary in a very 
remarkable manner, first one and then 
another containing the largest quantity 
of iron. The tiu, on the contrary, re¬ 
mained very constant iu amount, both 
in the individual baths and in the 
total, the average being 1'6 grm. jier 
litre. Pure tin was deposit until 
the acid was saturated and no more tin 
was present in solution; then iron 
hydrate began to form. This might 
be avoided for a time by the addition 
of more acid, but it was better to run 
the liquid into the “ green vitriol ” 
tanks, and add fresh solution. It was 
not at all necessary to continue the 
^action of the current until all the tin 
had been removed; 'in fact after a 
certain time the action on the iron 
was even stronger than on the tin. 
It was found in practice that after the 
pasH^ of ^h/current, for the space of 
5-^ hours, the quantity of scrap re¬ 
ferred to was sumdently free from tin 
‘ to be disBolved in the iron sulphate 


the rest, 

Ii! iuldition to the consideration of 
economy, this method possesses ad¬ 
vantages which are well worthy of at¬ 
tention, especially where iron sulphate 
and “iron monlant ” are marketable 
])n)ducts. As has lieen observed, the 
tin is precii>itateJ in a pure form, and 
in a state of fine division. It may, 
therefore, 1 x 5 either fused and sold in 
the metallic form, or it may be con¬ 
verted into stannous chloride, or other 
salts, for which it is exceedingly well 
suited, owing to the ease with which 
it is dissolved. In the process in 
which the scrap is act^ on ly 
chlorine gas, no choice exists as to the 
form in which the tin shall be sent to 
the market, tetrachloride being the 
constant product. The same remark 
applies to the method where caustic 
soda and litharge are employed, and in 
other respects this latter method has 
little to recommend it, judging from 
my own observations. The other pro¬ 
cess which I mentioned is also unsatis¬ 
factory. In employing a mixture of 
hydrochloric and nitric acids, con¬ 
siderably more iron than tin is dis¬ 
solved, and when the tin is precipitated 
by metallic zinc, the contamination of 
the iron chloride with zinc chloride 
renders it of little value. I do not 
claim perfection for the method I 
have advocated. It is capable, how¬ 
ever, of considerable modification. A- 
better electrolyte could doubtless be 
found; probably a solution of stannous 
sulphate would be the best. I think, 
however, I have proved that this pro¬ 
cess is practical, simple, and economical, 
and further that it joosents the ad¬ 
ditional advantages of purity of product 
and variety of utilisation, thus render¬ 
ing it well worthy of a wider appU-i 
catlou. 

The cost of the tin scrap at the 
locality spoken of was only 2 frucs 
per ton. (Dr. J. A. Smith). 
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(d) Tin plate waste is treated with i water bath. The product is nickel 

dilute chlorine at a temperature { nitrate! The nickel nitrate thus ob- 
above the boiling point of chloride of tained is dissolved in hot distilled 
tin, so that the latter immediately water, and the solution precipitated 
after its formation is carried away in with caustic soda carefully and gradu* 
the form of vapour, as, if it remains in allyadded. The precipitate of hydrated 
the form of a fluid in contact with the nickel oxide is then carefully filtered 
residues, it gives rise to the formation and washed, then treated with dilute 
of chloride of iron, chloride of tin sulphuric acid with the (ud of heat 
being reduced. The vapours of chloride until solution has taken place. The 
of tin are precipitated by steam or by solution is concentrated by evapora* 
contact with moist surfaces in roomy ■ tion and an excess *of concentrated 
condensitig chambers, or are absorb^ ' selutiou of ammonium sulphate is 
by chloride of tin solution of medium . added. The precipitate is the double 
concentration. | sulphate of nickel and ammonium, or 

(e) Bring the tin plate waste into | Adams’ nickel-plating tudt, which is 

contact with sulphur in a boiling-hot J commonly used for nickel-plating, 
solutioq of sodium sulphide, whereby i Kickel from Old Solutiona.— 
the iron is completely freed from tin. | Urquhart proposes the following plan : 
The waste thus freed from tin is Make a .saturated solution of ammo- 
thoroughly washed and dried, heated | nium sulphate in warm water, and add 
to a welding heat in tubes of rolled- | to it the old nickel-plating solution, 
iron, taken out and hammered into | with constant stirring, and, after the 
rod-iron. The solution of sodium I lapse of a few nunutes, a granular 
sulphide holding the tin is evaporated, precipitate of the double sulphate of 
the residue calcined in a reverberatory { nickel will begin to separate. The 
furnace and the calcined mass reduced . addition of ammonium sulpliate should. 
to tin, at a raised heat, by means of a be from time to time continued, until 
mixture of small coal, charcoal and | the liquid is colourless. The precim- 
calcined soda or burnt lime. i tated salt is very pure, and may m 

Lead from Zinc.—Melt the alloy. | used directly in makii^ a new bath. 
The specifically heavier lead collects in ! Using up Old Tin Cans.—The 
the lower portion of the crucible, w'hile ^ following are some of the processes 
the lighter xinc stands above it and adopted in dealing with old tin cans in 
can be poured off. a factory near New York. 

Nickel.—For the utilisation of The principal products of this es* 
waste from rolled and cast-nickel tablishment, which is a foundry, are 
anodes and of the nickel sand gradually window-sash weights, elevator weights, 
collecting upon the bottom of the vats, > and ballast for boats, The weight 
the following method is recommended : | castings are very hard and, when 
Wash the waste repeatedly in clean hot ^ struck with a hammer, ring like steel, 
water, and then boil in dilute sulphuric , About the only tool wluch can be 
acid (1 part acid to 4 water) until , used for removing sprues and fins is 
water poured upon the waste is no ! the hammer, as a cold chisel or file will 
longer clouded by it. Then pour off : not stand up to the w'ork. The freo- 
the liquid and treat the waste or sand ture of the round sash weighta is 
with concentrated nitric add. Tliis smooth, and shows crystals renting 
must be done very carefully, and a from the centre like spokes of a 
large po^lain vessel should be used to I After delivery at the foundry the 
prevent the solution. from running | cans are first piled upon a large iron 
ovef, When the solution is sufficiently ' grating, located unctor” a 'sheet-iron 
concentrated, so that it contains little hood which terminate in a smokeetaok. 
free acid, it ahould be filtered and : They are sprinkled liberally with crude 
elowly evaporated to dryness over the oil which is set on fire. {This pr ooew 
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consumes the labels, loosens the dirt 
and melts the solder, whic!^ falls 
through the grating, is collected, 
wash^ and melted, cast Ihto ingots 
and sold to be used ^in. 

Some of the cans, which have simply 
lapped and soldered joints, melt apart 
completely ; these are sorted out and 
the sheets forming the shell arc 
8traightene<l and bound into bumlles 
to be sold to makers, wbo utilise 
them for protecting the coruers of 
Saratoga trunks. They are also 
bouglit by button manufacturers, who 
stamp from them the discs used in 
cloth-covered buttons. 

The remainder of the cans, being 
machine made, do not come ay)art. 
These are loaded into large caits, 
taken to the charging floor on an ele¬ 
vator, and dumped int.o the cupola. 
The cupola is fed with coke aud cans 
in alternation. There is occasionally 
an old wash-boiler or a bundle of tin 
roofing used, but cjms form the hulk 
of the material, The cans are so ligiit 
that some of them are carried out at 
the top of the stack by the force of the 
blast, and a large screen Imk Ixten 
arranged to prevent the pieces from 
falling on the roof. 
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Water Gauges. 

KIiINOER’s water-gauge consists of a 
metallic casing capable of standing high 
pressuros, the A type for low-pressure 
boilers up to 90 lb., being test^ up to 
300 lb. steam, and the B type for 
higher pressure boilers being sitni- 
larly tested to .'>00 Ib. steam ; tlie 
arrangement, see Fig 295, consists in 
the first place i)f a guu-metal frame, 
having ends corresponding in size and 
shapxj to the ordinary gauge-glass, and 
which am Iw fi.xcd on to any existing 
boiler mounting (Fig. 296), Into this 
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casing is inserted an observation glass, 
) to -I in. in thickness, the glass oeing 
specially hardened so os not to break, 
even under changes of temperature 
the most sudden character, and to be 
capable of resisting a very high pressure, 
; The back of this glass is of prismatic 
] form, with the result that the water* 
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level is very distinctly marked, owing 
to the fact that glass and watW have 
not greatly .differing indices of refrac¬ 
tion for light, while that of steam 
differs mucli from either. Hence light 
entering the gauge above the water 
level undergoes the total reflection 
against the prismatic back of the glass, 
which here shows up like silver; while 
below the light passes on through the 
glass into the water, and this portion, 
therefore, shows up dark. So great is 
the contrast thus obtained tliat the 
water level can be seen even at a dis¬ 
tance of 30 yd. from the gauge. By 
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this means a quick and reliable olver- 
vstion can be made of the water level, 
mimmismg the risk of explosions and 
accident* such as before referred to, as 
well as enabling the man in charge of 
the boiler to keep always a steady 
^water level, which greatly increases, 
the life of a boiler, while the construc¬ 
tion of the metallic (awing in which 
the .gauge-glass is inserted renders 
superfluous any further protecting 
device, such as wire netting, etc., 
the gbawM not being liA»le to 
w®®kage, the^ expense of replacing 


-1- 

them ;s saved. The Reflex Water 
^ Gauge is also made complete (Fig. 
297), fitted with best asbestos-packed 
cocks. This gauge has the same im¬ 
provements as the attachable gauge 
d(}8cribed above, with the further ad¬ 
vantages of doing away with stuffing- 
boxes altogether, and giving the longest 
possible water range. 

It should be particularly pointed out 
tliat the distinctness cf the indications 
oj the gauge does not depend on lumi¬ 
nous paint or similar expedients, but 
that the contrast of black and white 
colour is obtained by ^eans of * the 
glass itself, which, as before stated, is 
' shaped prismatically, so as to allow 
the rays to ]>euetrate in one place, and 
reflect in the other, an adaptetion of a 
: scieutiflc fact wliich is most effectual. 
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Water Softening 

FOB OOMMEBCIAL AND d'omESTIO 
PUBPOSES. 

{See alto Boiler Incrustation). 

It will be understiood thu-t any process 
that may be adopted to “soften” 
water is iutcildgd to remove lime, 
which is held in solution, and which 
gives water the property of “ hard¬ 
ness. ” 

Hard water prevails, with few ex¬ 
ceptions, throughout tlie southern 
haif of England, an<i in many districts 
in the north. In all cases, the liard- 
nesfl is due to the presence of lime oi 
magnesia, or both, and as they are in [ 
solution, no filtering jirowiss can be i 
successful in removing these mineral 
impurities. 

The hardnoBB (^f water is of two 
kinds, temporary and permanent. 
The former owes its name to the fact I 
that the lime is precipitated and the i 
water softened when it is heated and | 
boiled. With the so-called permanent i 
hardness, the lime cannot be precipi-1 
tated nor the water softened by Wing. ! 
It is the temporary form of liardness | 
that comes to most common notice, as - 
it accounts for the incrusted deposit, 
or “fur," which appears in kettles, 
boilers, pipes, or any vessels in which 
hard water is boiled or circulated. 

Limestone or chalk (carbonate of 
lime), which may be md to have a 
oomposition of one atom of lime com¬ 
bined with one of carbonic acid, is an 
insoluble substuice (or but very 
sparingly soluble), yet by doubling the 
amount of carbonic-acid gas, makin g 
it Incarbonate of lime, it becomes 
highly soluble. Notwithstanding tliis, 
the extrn volume of carbonic acid is 
very loosely held, as the mere boiling 
of the water drives it off and causes 
the solid carbonate to appear and 
collect as a h|rd deposit-scale, or fur, 
ae it ii called. 

Thtte are two distinct advantages to 
be (pined by Boftoufig water. The first 


is the prevention of lime deposit in 
vessels and boilers in which wato: i& 
heated; the other is that less soap is 
required and better results are ob¬ 
tained in any washing process. It is 
the “ temporary ” liardness only that 
accounts for the lime deposit when 
water is heated, and were the hardness 
confined to the permanent kind no 
softening process would be needed for 
Ixiilci'-watcr. In wasting soap, the 
hardness of both kinds is elective, the 
action being, rouglily speaking, the 
convej'sion of a certain quantity of the 
soluble washing soap into an insoluble 
lime Noap, this appearing as a curd or 
scum on the water. 

it is calculated that 1*2 lb. of soap 
is necessarily wasted in tlie use of each 
1000 gal. of water, for each degree of 
hardness. London waters vary in the 
amount of lime they carry, but the 
average is 16'' (16 gr. per gal.), there¬ 
fore this gives 19 lb. of soap per 1000 
gal. used fur washing clothes, a quan¬ 
tity that may be used each month in 
a country insidciioe and each day in a 
smidl laundry. In countiy residences, 
liowever, the liardness commonly ex¬ 
ceeds 16*^, well-water often reaching 
30'^ to 36”. Some, if not all, of the 
London waters would be harder than 
they are but for the fact that they are 
partially softened before they enter the 
reservoirs or mains. 

There'are several water-softening 
plants or installations suited for do¬ 
mestic uses on the market. 'With 
some of these the ingredient used for 
Bofteni% bears a fancy name, while in 
others the makers plainly state that 
lime only, or lime and soda are the 
materia used. It is possible that 
tlie fancy-named ingredients may have 
some other substances mixed in 
but, so far as is generally known, lime 
(pai^oxical though it Beems) is the 
material chiefly used to remove lime 
from water. The discovery of this 
fact was made and patented by a Dr. 
Clark, and in general applicatum it is 
still commonly spoken of as Claim’s 
prooeasi There have been several im¬ 
provements made, chiefly with a view 
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of &cilitatmg the removal of the pre- | also due to lime,* but instead of -a 
cipitated lime. ‘ bicarbenate it appears as a sulphate 

As previously explained, the hard- ' (plaster of Paris), which does tuot be- 
ness of water is due to lime which is come precipitated when the water is 
in solution, its existence in this state boiled. To deal with this, carbonate 
being cauW by an extra volume of of soda (ordinary washing soda) is 
carbonic acid. If a substance is intro- use<l, the effect of this being to con¬ 
duced that will take this extra volume vert the sulphate of lime into the 
of carbonic acid, the bicarbonate will insoluble carbonate of lime already 
be changed to carbonate of lime and described. 

be precipitate<l as a solid suljstance. 'rhe cost of softening water in resi- 
Ordiuarylime(oxideof calcium), which deuces, omitting tile labour, which 
has an affinity for carlwnic acid, will aiwy Iw that of a domestic servant, 
do this; and, made into a cream with and omitting interest on outlay, is 

from Id. to per 1000 gal., 
according to the siz% of the appar¬ 
atus installed, and the hardness of 
the water. 

Tlie chief details of Maignen’s 
water-softening apf)aratu8 are given 
in Fig. 298. Witli lids the soften¬ 
ing material used is the maker's 
“ Anti-CAlcaire," and the apparatus 
Uing automatic in action, It is 
statttl only to require the upper 
hopper to be ffil^ once a week 
(or at longer intervals), while the 
settling tank and filter only need 
Hushing out once in three months. 
There is nothing about the plant 
to make the softening of water 
troublesome or difficult in a house 
where an intelligent lad or gardener 
is employed. The material, “ Anti- 
calcaire,” acts on both the bicarbon¬ 
ate and the sulphate of lime to 
throw them out of solution. This 



Fig. 296. 


water and mixed in proper pro^rtion, 
a precipitate will follow. Put in 
chemical terms the reaction is as fol¬ 
lows :— 

CaO, 2(COj) -I- CaO = 2(CaO, CO,); 


apparatus, to work automatically, 
requires to be served by a watv 
company’s main, or astoragecistern. 

I In towns the former would apply, but 
I with isolatal houses which rely on 
' private wells, the daily supply would 
; need to be pumped up into a cistern 
above the level of the softening plsdt. 
From this cistern the water flows 


or, 1 molecule of bicarbonate of lime 
•b 1 molecule of lime become 2 mole¬ 
cules of.carbonate of lime. 

Or, by mixing two forms of soluble 
lime we obtain one form of insoluble 
lime, which settles down to the bottom 
of the softenitig-tank. * 

The permanent fesin of har d n ess is 


through the ball-valve shown. 

There is now the question 'of the 
I saving effected by soft water, as oom* : 
' paredwithhard,whenheatedinbdllen. 

I Confined as this article is to compMt* 

j * It iboatd be Bsotloned tbit nagDe^W 
I commonty present wttb tbs Ume, ana is pro* 
duotire of bsnbiesi, bat the softeiil& twt* 

1 meat removes this. 
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tiveiy sniall requirements, ttib question ' 
of boilers must be confined to fhat of 
the kitdhen range—the bath or circu¬ 
lating boiler. No fixed rul6 or table 
can possibly be suggested, but in mod¬ 
erately busy houses, using water of 
normal hardness, say 16^, the range- 
boiler has to be cleaned out twice 
yearly. By cleaning out is meant, of 
course, the removal of lime deposit or 
fur. The a^0r^ charge fur this is 
10s. for each occasion, or U. per annum. 
An additional expense, incurred by |.he 
lime, is that more fuel has to be burned 
than is needed with a clean boiler to 
heat a given Quantity of water. In 
the average of houses the deposit of 
lime in 6 months is | in. thick, a mean 
thickness of \ in. for the whole period. 
Limestone is a poor conductor of heat 
—17 times worse than the iron of the 
boiler—and the retardation of heating 
due to this cause is serious, and at a 
low estimate the lime deposit increases 
the oonsumption of fuel, for given 
results, by from one-fourth to one- 
third. This probably means 20 to 30 
lb, of cool extra per day In most houses 
of good size, say 3 tons per annum. 

Next there is the wear of the boiler. 
Id the typical house under considera¬ 
tion, the plate of a range-boiler will 
usu^y be burned through in 2 years, 
if the lime deposit is nut r^larly re¬ 
moved. It cannot be supposed, how¬ 
ever, that it b destroyed to the extent 
of one-fourth in the first 6 months 
(aeeuming it iscleaned every lialf-year), 
but that it has received a certain 
amount of injury due to the lime there 
can be no doubt. The injury per 
annum may be vdued at 1^, or less, 
but that it is a retd one is certain. It 
will be seen, therefore, that the soften¬ 
ing of water for domestic uses is a good 
thing in the most practical sense, ^th 
in the saving efiected in meeting the hot- 
wato* demand, and in the saving of soap. 
In addition, every housewifewell knows 
that soft water serves many purposes in 
a greatly superior manner to hard water. 
’nUs is why the rainwater tub or tank 
existe as an adjunct to so many homes 
that are served hard water. 


Water Supplies 
TO Isolated Country 
Houses. 

{Sec o/so Filtkwno, Htdrauijc- 
Kams, Pdmpb, ktc.) 

The imjwrtant points to be considered 
are as follows:—Quantity of water 
that should be provided per person ; 
means of collection and storage, and 
the qualities of the water, and the 
possibility of it being contaminated at 
any point. 

The quantity of water usually al¬ 
lowed each person in a private house¬ 
hold iatwenty-five gallons,this sufficing 
for ablution, including bath, cooking 
and general servants’ uBe,water-cloBete, 
and clothes washing. In allowing this 
quantity per head, all servants and 
employees are counted. Assuming 
that there are stables, the men in 
charge and tho horses should be 
counted in, as much water will be 
used. This is supposing the house 
cistems are drawn upon for every¬ 
thing ; but if separate wells or BuppUes 
are used for stables and laundry, then, 
of course, they need ni)t enter into the 
present calculations. In country house 
work, where the water is only obtained 
manual or mechanical labour, the 
minimum of water is allowed per head 
as a rule, but, for general purposes, 
twenty-five gallons should be con¬ 
sidered the least practical quantity, 
and thirty gallons ue undoubtedly 
better. 

In many places well water is not 
relied on to any extent, but the whole 
supply is rain water, collected in un¬ 
derground tanks. In couiltry places 
the contamination of rain watv 1^ 
organic mattery in the air need scarcely 
be conudered, but the impurity it 
may come in contact with, after reach¬ 
ing the earth, Require every attention. 
Where a pond or small laAe is relied 
on, then it is very neoessuy that cattle 
be kept from the land near it, or the 
1 rain water which drains into ^e 
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will be polluted. From this point 
there is usually a supply taken which 
goes to hll an underground storage 
tank, either by giavity or by the aid 
of a pump, but between these points 
the water should undergo sand filtra* 
tion to remove suspended matters. 
{Sec Filtration.) 

With roofs which are slated, there is 
no reason why the rain falling on the 
surfaces should nut be collected and 
stored ; and houses of giK)d size, cum* 
pared to the number of inmates, have 
a roof area capable of yielding all the 
water that is required. A slated roof 
^elds water with the least impurities ; 
but tiled roofs, unless periodically freed 
moss and dirt, are not good. As 
a fall of rain is very uncertain as its 
occurrence, and as to quantity, it is 
proper to provide underground storage 
capacity for at least one<fourtli of a 
year’s supply. 

To calculate the rainfallascertainthe 
average for the district, this infnrma* 
tion being usually readQy obtainable 
whatever the rainfall may be per 
annum, though it must not be sup* 
posed that the whole can be collocted. 
Showers often make no more tlian a 
little moisture in a gutter; and with 
moderate falls much of the water is 
evaporated. With “separators,” («c 
Rain * WATER Separators) which 
should always be used for this work, 
at least a fourth of that available 
runs to waste, so that little more 
than half a year’s recorded rainfall 
can be relied on for storage. 'To 
arrive at the quantity that can be 
collected in this way, the flat plan of 
the roof is measur^ (not making any 
allowance for slope of roofs), and this 
area can be multiplied by half the 
rainfall is Inches, which will give the 
result is gallons. Thus, a roof of 



gallons, and this will be the full total 
yitid^ without any allowance for loss, 
'evaporation or other means. Conse* 
quentfy this should be halved to find 
the amount that can be stored with 
certainty; or if the area is first multi* 


plied one-fourth of the run&U in 
inches the same figure will be obtained. 

The “separators” alluded*to and 
described'on another page are ingenious 
devices by which the first washings of 
the roof by rain are diverted into the 
drain or to any desired point, for this 
first water will carry dust, insects, 
birds’ excreta and otha* such objec¬ 
tionable materials with it. After a 
certain amount has a movement 

occurs in the appliance, which then 
dii^cts the water into the storage 
cbtern. Without a separator, roof- 
water should not be used except after 
first passing it through strainers and 
sand filters, for it will be understood 
that a roof, after two or three weeks’ 
dry weather, collects many objection¬ 
able matters wluch a storm thoroughly 
removes and carries into the down 
pipe. 

In making underground tanks there 
should be an overflow provided (care¬ 
fully trapped and disconnected), also 
air inlet and ventilating outlet. The 
overflow is to provide against possible 
upheaval of the ground over the tank, M 
a heavy storm, when the tank is already 
nearly full, will tax its capabilities. 
The tanks are brick built, puddled out¬ 
side, and well trowelled in cement on 
the interior. This is necessary, not 
only to prevent loss of water, but to 
stop possible ingress of surface water, 
containing impurities from cesspools, 
etc. It should be made a watertight 
tank, with convenience for occasional 
cleaning, and the overflow, as previ¬ 
ously mentioned, must be carefully 
protected from foul odours, vermin, 
etc. Means of calculating c^acitiiw 
of tanks will follow, but it may bs 
mentioned here that it is only requiate 
to multiply the length, the width, and 
the depth, and t^ 6}, to obtain 
the holding capacity in gallons t tbnS 
a tank 20 ft. 1^ 10 ft, by 6 ft. dero ^ 
has 1000 cub. ft., and this muR^died 
by gives 6250 gal. (a cubic iS>t 
water is 6} gal. veiy neorlj). 

If desirable, a separate stcmge tadE 
can be provided for washing umpo>M 
in stables and laundries and sanflir 
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UBe^ the catchment area not fiecessuily 
bemg the roofs, but an^ hard* clean 
surfacecof yards, etc., which are not 
fouled by animals. This water, how¬ 
ever, should not bo used for dnnking 
or cooking, neither should there be any 
poHsibility of it becoming mixed or 
being drawn with that used in the 
house. It is best to have storage 
tanks divided, or in very large houses 
to liave seven'i, that one part can be 
emptied and cleuflod without discliarg* 
ing the whole of the water in store, 
and the cleaning should be done during 
the season that water is generally most 
plentiful. • 

The water of streams and small rivers 
is largely rain-water, when rain occurs, 
but at other times it may possibly be 
spring water, w’hich, as a rule, is very 
wholesome. Spring waters have in- 
orgMiic impurities, but this latter word 
creates a wrong impression, as natural 
inorganic matters in solution with 
water are not usually objectionable. 
Lime is one, which goes to make water 
bard, but this, except in excess, is per¬ 
haps more benehei^ than otherwise; 
ce^nly it is in its effects on iron and 
lead pipes and cisterns, but this will 
be spo&en of later. The water of 
springe and rivers have therefore to be 
treat^ as rain-water in regard to or¬ 
ganic impurities, for unusual care would 
have to be exercised to prevent the 
washing of fields, with the excreta of 
cattle, etc., having a natural drainage 
to the stream. There is, it will be 
understood, a natural purif^ng process 
going on in all streams by means of 
plants and other agencies, but with 
flood and storm waters there is much 
solid and impure matter carried down. 
On this account water from these 
sources must be treated hy filtration, 
but a sand bed or filter is usually suf- 
^ent before the water enters the 
storaM tanks. 

TVlih r^ard to well waters, wells 
an gdberally oonaidered as deep when 
exce^ng 60 ft. in depth, while a \eaa 
depth than this is called shallow. It 
is a wise plan, whenever there is doubt 
•I to the purity of the water to have 


the water submitted to examination by 
a competent analyst. When, the con¬ 
ditions are normal, shallow well waters' 
are open to suspicion, but deep well 
waters are usually wholesome and good. 
Shallow wells would be as free from 
ill features as deep wells, if it were 
not for human ingenuity in some form 
or other. For instance, the water, 
which is, of course, only subsoil water, 
may come off cultivated land which 
has been fertilised witli some sort of 
iiianurc. Then, again, there is the 
risk of contamination by cesspools, 
privies, dust-heaps, eto. ; and in dis¬ 
tricts where the subsoil is of an open 
gravelly nature, no cesspool should be 
within a distance of less than 200 ft. 
of the well. The risk depends in a’ 
great measure on the quantity of water 
pumped, for if the pumping is not 
continued for long periods there is less 
risk of impure water being brought 
into the area of that which is pure. 
In other words, the smaller demand 
tliere is at tlie pump, the less the dis¬ 
tance it may be from suspected spots, 
if distance U an importwt fact^ in 
the question. It should also be men¬ 
tions that with country houses there 
is the likelihood of cattle being pas¬ 
tured on or about the ground where 
the well is sunk, and if this is not 
guarded against there is a strong proba¬ 
bility of the subsoil water being pol¬ 
luted this means. It depends to 
some extent upon the nature of the 
ground, but it is the best plan to 
fenee the ground off for, say, 200 ft. 
round the well if cattle are about. 

Before proceeding to describe the 
different machines and appliances for 
raising water, some particulars as to 
the composition of water and itsactioD 
on metals may be given. It was pre¬ 
viously mentioned that water orten 
carries inorgaijjc impurities, whidi, 
although generally non-injuriou/ to 
health, have to be conridei^ by the 
plumbv, as do ^Iso the effects of water 
which is without them. This iniar». 
mation largely relates to the action of 
hard ^d smt waters, that is, ynim 
with or without lime in solution. The 
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hardness of water may be temporary 
or permanent, the former owing its 
name to the fact that, by boiling, the 
hardness can be effectually disposed 
of, while the latter is proof against 
boiling, and can only be removed by 
chemical process. The sulphates of 
lime and magnesia are generally ac¬ 
countable for this so-called permanent 
hardness, while carbonates of lime and 
magnesia account for the hardness 
which is removable by boiling. The 
effect of boiling is to precipitate these 
ingredients, causing a stone-like deposit 
in kettles and boilers wliich is com¬ 
monly known os ‘ ‘ fur. *’ {See Kitchen 
Boileks). 

The ^rdness of water is usually 
considered objectionable owing to the 
deposit it creates, and also to the 
waste of soap it incurs. It is stated 
that the Kent Water Company’s water 
can cause a waste of 265 lb. of soap 
for every 10,000 gal. of water," whereas 
the soft water of Manchester will only 
waste 32 lb., Glasgow 4 lb., and Lan¬ 
caster 1 lb., with the same quantity 
of water. Hard water is not so plea¬ 
sant to use, at least for washing pur¬ 
poses, but after all objections there 
are numbers of engineers in the north 
of England who say that our hard 
waters af the south are preferable to 
the soft waters they have there. Soft 
water is very active in attacking cer¬ 
tain metals, particularly iron and lead, 
zinc; and when this water has a 
faint trace of acidity, the action is 
most marked and destructive. 

Wrought-iron pipes do not last long 
with soft water, and while they are in 
use the rusting is so great as to make 
the water quite red, in many cases 
unfit even for bathing purposes. With 
lead there is no noticeable discoloration 
of the water, but the oxidising process 
ifl just as strong, and the water is 
rendered unfit for drinking purposes, 
being poisonous. Lead poisoning has 
occurred to serious extents in several 
districts served with soft waterthrough 
leaden pipes {or leaden cisterns), and 
this is the more eaoly done, a»lead is 
a cumulative poison, collecting in the 


system when taken repeatedly until 
sufficient to have an injurious effect. 

Zinc has a similar ill effect on the 
system, ifot so marked perhaps, but 
fully enough to classify it as dangerous, 
so that le^ and zinc can seldom be 
used in districts served with soft 
waters ; nor cau galvanised iron, of 
course, as this is merely iron which 
has been dippedin molten zinc. Tinned 
copper, also tin-lined 
pipes, are used in such cases, and 
prove an expensive remedy, sufficient, 
as stated, to m^c the engineers of 
those districts think well of the harder 
waters which cause nondof this trouble. 
It is said tliat in some places the ill 
effects of soft water on lead pipe have 
been obviated by the admixture of 
about five per cent, of tin with the 
lead of which the pipe is composed, 
for tin is proof against injury by soft 
water. It is quite possible to harden 
water by adding lime to it, If the cir¬ 
cumstances make it desirable; but 
this is not so simple a task as may at 
first sight appear. Limestone, that is, 
ordinary c^k or carbonate of lime, 
is not soluble in water, unless it has 
an added volume of carbonic acid gas 
in it. With this gas present (as about 
to be explained) the water will freely 
take the lime into solution. 

It is the presence of lime in hard 
water that prevents the destructive 
action which soft water has on iron, 
lead and zinc, and in hard-water dis¬ 
tricts pipes and stoiage cisterns of 
these metals are used freely, and give 
no more trouble thui occurs from ordi¬ 
nary wear and tear. The generally 
accepted explanation of this is that 
soft water does not attack metals if it 
carries no carbonic acid gas in it, but 
as water has a great affinity for this 
gas, and there is everywhere abundant 
means for their coming together, th^ 
are always vezy closely assooiatea.' 
When lime is present, however, there 
is then a material which the a^ gas 
has a still greater affinity for, in 
combining with the lime becomes inert 
as to any destructive combination with 
the water. The outcome of this is 
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that plain iron pipes seldom gtvc trouble | 
with rust when conveying thil hard 
water, either hot or cold, nor do lead 
pipes or galvanised cisterns have their 
surfaces dissolved or eaten away, and 
the water may Iw drunk freely. 

Hard water is more jalatable, and 
brighter, than that which is soft, and 
is usually preferred by users except 
for waahiiig puqKwee. The waste of 
soap is, in ils^If, hardly worth con¬ 
sidering, for altnough it is recorded 
that a change of water at Glasgow 
with a reduction of <legreeaof hard- j 
ness made a difference of 36,000/. per ■ 
annum in thei consumption of soap, 1 
yet this would only save the small j 
sum of two sluilings to cucli inliabitant 
per year, with presumably a loss of 
the larger sum to soap manufacturers 
and tli<«c they employed. If it was 
desirable to make tliis change, then 
every ctlbrt is doKirable to ellbct it, 
but as tiie softer water brings more 
troubles in its train, the actual gain 
to the cuusuuier is uot so real as it 
apt^rs. 

Tlie majority of the hard wate» 
served by the water oompanics in the 
Bouth of Plngland are nut so hard as 
when first collated, for they undergo 
a Bofteniug process by which a propor¬ 
tion of the lime in Bolution is precipi¬ 
tated before the water enters the 
service mains. This procosa ie not 
carried to such an extent as to make the 
water quite soft, but reduces the liard- 
ness to from 10 to 16 degrees, this 
being 10 to 16 grains of lime per gal. 
of water. Filtration has practically 
no effect in removing lime in solution 
from water, for the lime is in a fluid 
condition itself, and freely passeB 
through the filtering material; it is 
only when precipitated by Iwiling or 
chemical process that it assumes its 
solid and visible form. It is considered 
that hard water is quite siuted for 
reneral consumption if the liardness 
does not exceed 16 degrees, and any 
well or other waters iiaving a greater 
percentage of lime or chalk tlian this 
should be subjected to some softening 
process. 


The process most generally known 
and approved is Clark’s, an ingenious 
but simple plan by wMch the additiotf 
of a certain proportion of Kme has the 
effect of absorbing the excess carbonic 
acid of the bicarbonate of lime in solu¬ 
tion, and by this means converts the 
whole into an insoluble material which 
is immediately precipitated. This can 
be effected on a small scale, but there 
are other processes which are. the writer 
believes, modifications of Clark’s, pre¬ 
pared and more suited for domestic 
requirements. Doulton and Co., and 
several other firms, make a complete 
apparatus or plant suited for country 
houses, arranged so that it may be 
used by an unskilled person, a gardener, 
or whoever attends to the water supply 
of the building. The necessary features 
of such an apparatus are that there 
must be provision for mixing the lime 
in proper projwrtion, and this, wliich 
is in tire state of a milk of lime, has 
to lie properly added to the water under 
treatment. Tlie water is treated in a 
separate tank.asthepreuipiUtedmatter 
must not be allowed to enter the house 
service pipes; and only after the water 
has beeu completely dealt with is it 
allowed to enter the house cistern. 
This operation can be regulated to 
decrease the hardness as .desir^. 

A new softening apparatus, recently 
given a favourable n otice in the Lancet, 
is styled the Lawrence process of soft¬ 
ening and sterilising water. This is a 
boiling process, and waters which have 
their hardness due to carbonate of lime 
(as the majority of hard waters have) 
can be softened by being boiled. Boiled 
water is soft, but it is also flat and 
insipid to the verge of being undrink¬ 
able, and one object of this process is 
to revive the water after boiling and 
mak e it palatable, It is claamed that 
the cost of worl^g is very small, with 
the important advantage that water 
softened by this means is also sterilised 
and safe to dru}k, even if drawn from 
a doubtful source. The softening can 
'd:)e partial if desired, so as not to leave 
the wpter absolutely free from lime, 

. and the makers do not appear to hare 
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overlooked that very requisite feature, 
viz. a simple means of removing the 
lime that is deposited in the heating 
chamber. -It is stated that this appa¬ 
ratus, which can be worked with gas, 
oil, or a fire, gives very economical 
results for the end attained, and this 
is .lai^ely due to the fact that the hot 
softened water is utilised to heat the 
new inflowing water, and by this means 
not only does much towards heating 
the water which is as yet unboiled, 
but also is itself cooled. 

In r^rd to raising water from its 
source, the means are practically 
limited to two, viz. the hydraulic ram 
and the pump, but tiie variety of ways 
by which pumps may be worked is 
considerable.- Where there is a fall of 
water to be had, and the water is of 
suitable quality (being afterwards fil¬ 
tered if necessary), then the ram gives 
excellent results. It is, of course, 
automatic in its action, costing nothing 
for power and little for attention; 
and as instance are known of rams 
nusing water 800 ft., 200,000 gal. a 
day, a distance of two miles, there 
seems little room to wish for anything 
more efficient than this. Of course, 
such results could only be iiad from 
very large rams with gc^ falls. 

Bams can be had to work with falls 
(or head of water) varying from a few 
inches to 30 ft., but the latter should 
be considered a maximum, and may 
be reduced with advantage, as the 
wear and tear would be considerable. 
The quantity of water that can be 
raised by a ram and the distance it can 
raise it are in ratio with the fall, and 
the qucmtity of water raised to that 
wast^ is in ratio also. Where the 
fall of water is but trifling it can usu¬ 
ally be augmented by damming the 
stnwm, but, of oourse, every care is 
necessazy to see this do« not cause the 
stream to overflow i& banks at any 
pmnt. When the water supply is in- 
eufiMent to work a ram oontinuoualy, 
it canhe made to work intermittently, 
that isi to diwhai^ water at interrais, 
and rest between while the mter is 
collecting. This is asually arranged I 


by a syphon, but an automatic valve 
can alio be bad to effect this. 

A reliable table to estimate the 
efficiency of rams from (supposing the 
rams to be of good t^e, suoh as 
Blake's, Keith's, etc.), and to judge 
what percentage of work they can do 
with certain proportions of fall and 
height of rising main, is as follows 
(‘Thresh’):— 




Degree 
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nil. 
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of 
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9 

56 

1 
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66 
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10 

54 

1 

6 

63 

1 

12 

62 
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Or another way in which the iofoi> 
mation has been put is as follows 

10 gal per min. raises 3000 gal. per 
day 100 ft. high with fall of 30 ft. 

10 gal. per min. raises 2000 gal. per 
day 100 ft. high with fidl of 20 ft. 

10 gal, per min. r^es 1000 gal. per 
day 100 ft. high with fall of 10 ft. 

10 gal. per min. raises 500 gal. per 
day 100 ft. high with fall of 6 ft. 

A further table, that is also of use 
in determining the sizes of rams and 
their connections, is given by Hughes, 
Sutton and Digly, Ltd. 

To obtain a neceasuy or increased 
fall the ram can be sunk to any poanUe 
extent, provided the waste or t^ 
water can run away. In stormy weather 
a ram may become submerged to a 
trifling extent, but this does not pre¬ 
vent its working. 

To ascertain what quantity of water 
a small stream can supply, it can be i 
gauged ly fixing a straight thin-fidgsd;^ 
boai^ across toaotasa sill, and all the; : 
water must be made to pas orer the . 
edge of this bowd and none ludar^, 
Death. The depth' of water on the ifid 
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Dia¬ 
meter i 
of Kail 1 
(Injec- I 
tlon) 1 
Pipe. 

Diameter 
of Delivery 
.(Rising 
Main) 

, Pipe- 

Quantity of ' 
Water avaH- 
able to work 
Kam (in 
Gallons per ' 
Minute). 

Approximate Number of Gallons raised itt 21 Hours. 

4 

* SO Feet High. 

100 Feet High. 

200 Feet High. 

in. 

1 

in 

i 

1 

to 4 

200 to 

800 

1 100 to 

400 

50 

to 200 

li 


4 

„ 10 

800 „ 

2000 

400 „ 

1000 

200 

„ 500 

2 

1 

10 

„ 20 

2000 „ 

4000 

1000 „ 

2000 

500 

„ 1000 

2i 

1 . 

20 

„ 2.'; 

4000 „ 

5000 

' 2000 „ 

2500 

1000 

„ 1250 

3 

1} 

•A-i 

„ 00 

5000 „ 

6000 

2500 „ 

3000 

1250 

„ 1600 

H 


30 

„ 40 

6000 

8000 

3000 ,, 

4000 

1500 

„ 2000 

4 

2 

40 

,, 60 

8000 „ 

12000 

4000 ,, 

! 

6000 

2000 

„ 3000 


must then lie fvvrefully measured, or The working capacities of Keith’s 
perhaps we should eay the distance rams are as follows :— 


Ram. 

Drive Pipe. 

Delivery Pipe. 
Size. 

Diam. 

Length. 

sue. 

in. 

jd. 

in. 

A 

1 toli 

40 to 30 

1 to f 

B 

IJ »2 

50 „ 76 

I,, 1 

C 

2J..S 

60 „ 90 

1 „ 2 

D 

4 „ 4 

90 „ 100 

^ „ 2i 

E 

5 „ 6 

100 „ 130 

2 „ 3 

F 

7 „9 

130 „160 

2J „ 3Jor4 


Head of } Height i 
Water to ; Water Kalsed In 
above Raise 24 Hours. 
Kam. I Water. 


•10to‘20i 100-^ 


fl. I gal. 

300 to 600 
800 „ 2000 
2000 „ 4400 
8000 „ 9000 
5000 „ 18000 
' 10000 „ 25C00 




from the edge of the sill lx»ard (which • 
is fixed quite level) and the level of 
the water in the stream above it, and < 
the following will be found to be the , 
number of gallons per hour passing i 
over for every foot width of the sill j 
board. (‘Maguire.’) 


Depth on Sill. 
iDchea 

i' 

u 

2 


Qallons per Hour 
over each Foot Width of 
Sill Board. 

260 

300 

650 

1900 

3600 

5400 


It 18 , of course, necessary to aacer* 
tain whether the quantity of water in 
tihe stream fluotua^ with the Beasons. 

4 


The above figures are based on the 
delivery pipe being from a quarter to 
one mile long, and it can be calculated 
that the rains will raise water thirty 
times higher tliau the fall which works 
them, but only good quality rams are 
capable of doing this. 

There is no doubt that, where pos* 
sible and convenient, the hydraulic 
ram is an excellent means of raising 
water for country residence supply, 
but if a fall of water is available, a 
water wheel can b£ recommended as a 
means of driving set of pumps. 
These wheels arc of three kin^, viz., 
the overshot, the breast, and the 
undershot wheel, the former b^g the 
most efficient. £x|)ressed in figures 
their rela'live effeotiTeness, with the 
2 1 
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same stream of water working them, is 
68 , 55 and 35 respectively; a hydraulic 
ram standing at 60 in this scale. 
Undershot wheels, however, notwith¬ 
standing their lower effectivenesB, are 
very useful with poor falls, for they 
can do work where a ram or a turbine 
are almost useless. They can, in fact, 
work without a visible actual fall, the 
natural flow of a river being utilised. 

As a water wheel revolves compara¬ 
tively slowly, the pumps can be con¬ 
nect^ and worked from the shaft or 
axle direct. The only care that is 
necessary is to fix the pump rigid, and 
let the crank shaft of the pump and 
the wheel shaft or axle be perfectly 
true with-each other. 

In fi ring a wheel there has to be a 
channel provided to bring the water 
direct to the wheel, that its force may 
be expended on the wheel blades to 
best advantage, and this channel is 
known aa the “wheel race." With 
overshot wheels the race delivers 
the water slightly beyond the centre 
line of the wheel, and as a rule 
the flow or impetus of the water 
is not relied on to drive the wheel, 
but reliance is had on the weight of 
the water which is continuously de¬ 
livered into the blade buckets. Con¬ 
sequently when the flow of vnkter is 
rapid, the end of the race is so con¬ 
structed that the impetus will not 
carry the water beyond the wheel, nor 
splash wd only partially fill the 
buckets. A slow delivery is best, and 
a slow-moving wheel is usually more 
powerful than a very &st one. It is 
hugely governed by the proper filling 
ef the blade buckets of the wheel; and 
a small wheel revolving at about 3 feet 
per second, and a lar^ one, working 
at 6 to 8 feet per second, give the best 
retulte. 

The breast wheel works partially by 
the woght of water received in its 
b^eti floats,'and partially I 7 im- 

'‘pact of the water delivered to it. The 
raoe is so amnge(^ that the flowing 
water ixaiy expei^ its strength as far 
as 5 X»abletn mving the wheel, and to 
eSset tins the blades are so ^wgned in 


th^ relationship with the race that 
the ercaping water is only that which 
has been deprived of its force in the 
buckets. ■ Notwithstanding this, how¬ 
ever, it is not so efficient as the over¬ 
shot wheel, and its revolutions, of 
course, vary more with the flow of the 
stream. 

An undershot wheel, whether driven 
by a small fall or by the running water 
of a stream, relics wholly on the 
impetus of the wate", and under most 
' conditions the efficiency of this wheel 
falls considerably below the others. 
Every effort is made to utilise the 
speed movement of the water to the 
utmost (the reverse ot what is umed 
at with the overshot wheel), and the 
blades of the wheel are designed for 
this purpose. 

With the overshot and breast wheels 
the water which has passed them, and 
which is known as the “ tail race," is 
made to escape, so tliat it has no pw- 
judicial effect on the speed of the 
wheel, not hindering or retarding ite 
movement; and in effecting this it is 
only necessary to keep the wheel just 
above the level of the tail water. With 
an undershot wheel this is not so easily 
done if there is no pronounced fall 
water, and therefore the blades are so 
shaped that they rise without the tail 
water holding them or reebting their 
movement as they ascend. 

Another form of water motor is the 
turbine. These can be bad to work 
with low falls, but very generally a 
turbine is resorted to when the fall is 
high. The useful height of fall to 
work a water wheel is, of course, limited, . 
and the same can be said of a hydrtuilio 
ram, with which the wear and tear, 
with high falls, is too great to admit 
of its economical use. A turbine ii 
an enclosed wheel which is propelled 
by an enclosed falling oolumn of wUer, 
and it is utilised as an engine for orifing) 
a set of pumps (or other madhinsiy)! 
In the “ pressure ” turlwe there uji. 
wheel with suitably ouzred bladee m 
vwes, and the water is directed tp. 
this through a casinff which n iJio 
fltted with cuned tfledei cr 
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that the water is directed iit the most 
effective manner possible on tfe the 
blades erf the wheel. This turbine can 
be fixed horizontally or vertically tw 
may best suit the conditions, and it 
need not be fixed at the extreme foot 
of the fall unless desired. When it is 
fixed a few feet (20 feet is admissible) 
above the lowest point, then a waste 
pipe is carried from it, and the fall of 
the expended • water through tliis 
will aid the turf)ine in its work by 
suction. ^ ^ 

‘^Another form of turbine is that in 
^lich the falling water, conducted by 
guides, is cause# to act against a scries 
of buckets around the edge of the 
wheel. Thih turbine should be fixed 
at the lowest point of the fall, as a 
waste or suction pipe does not aid its 
work to any useful extent. This latter 
turbine is very eftective with high falls. 
Different makes of turbines vary con- 
siHerably in efficiency, and in cases 
where the fall of water has to !» 
economised every cai'e should lie exer« 
oUed to see that the turbine is of g(K)d 
make.*^ Witli an abundance of fall 
water a cheap make will answer, though 
it has usually to be of larger size for 
given results. For small supplies, 
under ordinaiy conditions, the water 
wheel or the ram are better than the 
turbine, though the latter has prolxibly 
no equal in efficacy when the conditions 
make its use necessary or desirable. 

Another cheap source of power is 
the wind, tliis lieing utilised by wind¬ 
mills. These have been perfected to 
quite a remarkable extent, and in 
situations where the wind can be uti¬ 
lised toadvanti^e, and where no better 
or regular source of power is to be 
had, the wind engine is worthy of 
eveiy consideration. It is doubtful 
whether it will be used to any extent 
for very large supplies, but for man- 
^ns, lartns and groups of cottages 
(also for irrigation or drmning) the 
maohioe is very useful. The modem 
drcular sail or wheel type of wind 
en^e has many improvements by 
which'it will work with a very light 
preesure of wind, yet in times of storm 


the sails are self-regulating, so that 
excessive uind pressure has no serious, 
effect; or with some makes there is a 
striking gear, by which the blades are 
quite thrown out of use. The sails 
also automatically adjust their poskion 
to the wind, as its direction varies. 
The nail is, of course, erected on a 
wooden or iron lattice tower of a suit¬ 
able elevation, and the size is governed 
by the requirements. The spindle or 
shaft can be connected directly with a 
crank to which the piston rod of the 
pump is attached; but the better plan, 
when a liberal supply of water is 
needed, is to connect to the gearing of 
a double or three-throw pump. In 
this, as with practically all water-rais¬ 
ing macliines, the nudters had best be 
looked to to decide and guarantee the 
work that their engines will do. Of 
course, the buyer shtjuld also use his 
judgment, but independent tables 
showing what certain sizes of machines 
will do are not always reliable, and 
makers' tables vary to a considerable 
extent. It has l>een calculated that 
the average wind power available in 
England gives 1 Ib. pressure per sq. 
ft. at a speed of 14 miles an hour, for 
a period of 8 hours per day. With 
such a breeze an engine with a 10-ft. 
sail can yield about 1400 to 1600 
per day; while a 12-ft. sail can give 
about one-fifth or even a fourth more. 
It is important to remember that 
wind power is very uncertain, par¬ 
ticularly in the summer time, when 
probably the demand for water is 
greatest. On this account it is neces¬ 
sary to have the engine (and the 
storage tank) of sufficient size to prdi 
vide at least 5 or 6 days’ supply; 
and, in the writer s opinion, a wind 
engine should not be relied on when 
the daily supply of water required is 
as much or more than 16,000 to 20,000 
gal. In such cases, if other cheap 
j power is not available, a steam, gas, 

I oil or other motor should be u^. 
The wind engine, however, when it 
can be conveniently used, runs with a 
mlnirouTa of attention, and may be 
safely recommended; and two or more 
2 
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engines can work to one well if the such cases' the safety valve should be 
water supply is sufficient. fitted,'to avoid trouble and dam^^ 

Of Btwm motors, i.e. engines, for should the stop-valves be left closed 
pump work there is almost endless accidentally. The safety valve must be 
variety, and it is scarcely witliin the fitted somewhere between the pump 
province of this book to recommend a and the stop-cocks, 
few to the exclusion of the many that Probably the most convenient 
are worthy. As the majority of engi- engine for country house work, as re- 
neers who make pumping machinery quiring the leaat possible amount of 
also make the engines, there should lie attention, is the gas engine. This is, 
no hesitation in deciding to obtain the of course, useless if no gas is obtainable, 
two from one maker. Many, in fact a« is so often the case in country 
nearly all, make the engines and pumiw places. Where, however, gas is to be 
combined, so as to form one piece of had, it is an engine that only requires 
machinery, and the boiler only is sepa- startii^ or stopping, with necessary 
rate. In country residence work, cleaning and lubricating’, and little or 
however, the steam pump does not nothing else. The writer has fixed 
figure to any extent unless steam is these largely in country houses for 
used for other purposes, and the well pumping purposed (and in London 
is within reasonable distance of the residences for electric light), and it is 
other works that the steam is needed quite exceptional to find any one in 
for. Gas, oil and hot-air motors are the engine house. It seems to be the 
more largely used, as being more easily rule to start the engine, then let it 
erected, also more easily managed take care of itself until it needs stoj^ 
subsequently by an unskilled man. ping. As a rule these engines can be 
For moderate supplies the hot-air usf^ for several different works in a 
motor has much in its favour, its house of large siae, and cases have 
management being so very simple. been known of an engine having to 
One well-known type, the “Rider" work a dynamo, run a sm^ bench 
engine, is made in different sizes up to aaw, work the laundry machinery and 
one horse-power, and is sent out fitted do wliat pumping was required; it did 
complete with lift and forc5e pump, not, of course, fulfil all these purposes 
and a quarter horse-power size with at once, but there is no reason why 
2-in, pump will deliver 500 gal. per the engine should be i<lle any part of 
hour 40 rt. high. There is no skill the day when there is work it can do. 
needed in wor^g them, it being only It is not desirable to gear a gas 
necessary to start and stop the engine engine direct to a pump, a countershaft 
to replenish the fire (with coke fuel), being generally used, 
and see to the lubricators. It is stat^^ Oil engines are coming very largely 
that the consumption of coke is only into use as motors for pumps, and can 
lb. per hour for a quarter horse- be had capable of raising 1000 gal. of 
power engine, which represents a cost water per hour and upwards, according 
of about one halfpenny per 1000 gal. to the size of the plant 
of water raised 30 ft. high. This 
engine, in the larger sizes, can be fitted 
for deep-well work if required. It is 
conridered absolutely necessary to put 
a safety vedve ou the rising main from 
the pump} and this is particularly the 
ca^ when the main has a stop-valve 
' in it. When duplicate or branch 
mains are used, it is commonly arranged 
that either one or both be controlled 
or shut A stop-valve, and in all 
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Waterproofing. 

* 

Sec al»o Dampness in Buildings. 

Waterproofing with India- 
rnhber.—The crude rubber, which is 
received at rubber works in the con¬ 
dition in which it is imported, varies 
greatly in appearance and quality, as 
well as in the*u.mount of impurities it 
contains, and which must l>e removed 
before it can be manufactured. , 

The preliminary processes, tlterefore, 
to Mdiich the crude material ia sub- 
jectAid, liave f#r their object this cleans¬ 
ing of the rubber fit)m impurities, and 
at the same time the softening of it, 
and its reduction to a form in which it 
is best fitted for subsequent operations. 
(1) The crude material is introduced 
into a vat or tank with water, and 
boiled by throwing in free steam. This 
Njperation, wliich lias the eftect of soft¬ 
ening the crude masses, is sometimes 
carried on in the open air, but i!i other 
works within some part of the build¬ 
ing. Some makers find it sufificient to 
soak the crude rubber in water at a 
temperature not higher than 120® F. 
(49® C.). (2) When thus softened, the 
masses of rubber are passed between 
powerful rollers, the surfaces of which 
are indented with flat, square iudenta- 
tionfl, while a stream or jeto of water 
flow upon the rubber from a perforated 
pipe above. By this operation the 
rubber is flattened out into a thin 
sheet, and mure or less tom and disin¬ 
tegrated, while the water works out 
the foreign substances, dirt and im¬ 
purities, which the boiling has failed 
to remove. This process is repeated 
until the mass is thoroughly cleansed. 
The result is the productiou of a thin 
crumpled sheet, full of holes, which is 
then hung up in a room warmed by 
hot air to dry. (3) The mbber thus 
washed and cleansed is introduced into 
the masticator," which consists of a 
strong cylindrical box, containing a 
stout deeply-fluted iron drum, wluch 
revolves within the box; steam is in¬ 
troduced into the interior of the drum, 


and a current of water is kept mnning 
between the drum and the cylindert 
It is then introduced dry into another 
similar “masticator,” the flutings of 
the drum of which are made sharp and 
chisel-shaped. The rubber is here tom 
to pieces, rendered homogeneous, and 
the last traces of air or water are ex¬ 
pelled. At some works this process of 
“mastication” is omitted. (4) If it 
be desired to cut up the rubber into 
sheets, etc., the rublier thus prepared 
is made into blocks of the requisite 
size by compression in a strong screw- 
press iron box, the inside of which is 
smeared with French chalk to prevent 
sticking, and the sides of which are 
hollow and filled with steam. A uni¬ 
form block is thus obtained, which 
when cold or frozen can be cut into 
thin sheets or smaller blocks as may be 
desired. (6) When it is intended to 
prepare the rubber for the process of 
“ vulcanisation," the vulcanising mate¬ 
rial is either kneatled with the mbber 
in a masticator, or by means of mixing 
rollers heated by st^m and kept for 
Die purpose. In cither instance it is 
in the form of the rough sheets above 
described that thembber is introduced, 
and there is a shallow tray beneath to 
catch such of the matmal as falls 
through. The vulcanising material 
consists generally of ^ely-sifted 
flowers of sulphur, together with 
colouring powders such as lampblack, 
zinc oxide, or antimony sulphide 
(orange), These are thoroughly Incor¬ 
porate with the mbber in the appa¬ 
ratus used. (6) After this stage of 
preparation, the Goodyear or American 
process, and the Hancock or English 
process diverge, (a) By the Goodyear 
process the mbber thus prepared is 
rolled out into sheets by causing it 
to pass between strong iron rollers 
heated by steam, in what is known 
as the “calendering" machine, and 
these sheets may be subsequently 
manipulated for* the constmetion from 
them of various kinds of articles. As 
the sheet passes between the 
roUers 4t is received upon linen, and 
the linen and indiarubber sheete 
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rolled up together upon a roller. (6) 
In the Hancock process a solvent is 
used to soften the rubber and convert 
it into a thick paste. The solution is 
sometimes effected in a close cylinder, 
where the rubber and solvent are, by 
an arrangement provided within the 
cylinder, wrought up together, and 
from which the pasty product is drawn 
off by means of a top below. The 
paste is received into iron pots provided 
with covers, in which pots it can be 
reduced, by hand mixing with more 
solvent, to any coinlition of liquidity 
that may be desired. In other works 
the solution is effected in another way. 
The rubber, calendered out into a thin 
sheet, is passed between a pair of hot 
rollers into an open vessel containing 
solvent, by the side of which vessel a 
workman sits an<l presses down the 
sheet, softened by the heat, into the 
solvent. When rubber enough has 
thus been put in the vessel is covered 
up and set aside for the completion of 
the solvent aotion. In other works 
the rubber is simply mixed with the 
solvent with a spade. In order to 
make the thick paste into a sheet, 
what is termed a '‘spreading machine" 
is used. This consists of a table 
formed of a hollow steam-cliest, along, 
but not touching, which a sheet of 
linen previously sized is rolled off froma 
roller at the spreading end to a roller at 
the farther end, and from this to other 
rollers underneath. By an arrange¬ 
ment devised for the purpose the sof¬ 
tened rubber or thick paste is spread 
in a thin layer on this linen as it passes 
to the top of the steam-chest; and the 
rubber thus laid on is carried upon the 
linen as if it had been painted on it. 
As the sheet passes slowly along the 
top of the steam-chest the heat causes 
the solvent to volatilise. This opera¬ 
tion is repeated until the required 
thickness of rubber is obtained. It is 
conducted in a room where many 
Bimilar machines are in use at the 
same time. The rubber is then 
stripped from the linen by rolling each 
off in different directions upon different 
rollers, with the aid of water. As the 


rubber is rilled off, it is evenly coated 
with a tvash of French chalk, to prevent 
sticking, and the roll being«bound 
round with a wet cloth bandage, is 
ready for the “ vulcaniser." 

8preadirv;.—iiQieTQnce may now be 
made to the treatment of fabrics which 
are to be “ waterproofed " by spreading. 
This consists in passing the fabric 
through a pair of calenders, with the 
object of jjreasiug doWn knots, and 
giving a smooth and even surface; 
Aftqr this, the fabric is paseed over a 
steam-chest, to expel moisture, when 
it is ready to receive tlie first coat. 
This is usually a dltfe.*ent mixture 
from the bulk of the proofing, and U 
called a “ sticking-coat," its object 
being to secure adhesion between the 
fabric and rubber; it is generally in¬ 
corporated with colouring pigments, 
white or black, so as not to allow the 
general mixture to show through the 
cloth, or alter its appearance. A 
zinc oxide, or whiting, is used for 
white or light-coloured goods; Frank* 
fort and other blacks are used for dark 
goods. The coato, as applied, are 
dried by passing over a stwm-chest, 
when the fabric is again brought to 
the front of the machine for another 
coat, and so on. Some descriptions of 
goods have a finishing coat of better 
quality or mixture, in some cases oon« 
taming no sulphur, nor any pigment 
whatever. The number of coats varies 
from three to seven, according to the 
class of goods and the weight of material 
which is to be put on. 

Machines are now employed whi^ 
work on the continuous principle; but 
as they require more space, so aa to 
allow each coat to dry m time to re* 
ceive another, it is not certain that 
there is much gain in using them. 

Double textures are obtained by 
passing the proofed faMcs through a 
pair of rollers (the doubling>maomSe)y 
whilst the surfaces are s^ill sticky 
adhesive; these are vulcanised, ^ 
quired, by means of sulphur 
ated with the compounds, and ita a yw 
heat. The doubling-rollers 
solid cast iron, with turned turfiM 
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(5 ft. long. One is fixed, ^hile the 
other can be moved by a lover,* so as 
to admtt the fabrics to be doubled. 
As they revolve in opposite directions 
they draw the febric through, and, 
wlien tightened up, press the two 
coated surfaces together. 

The spreading and doubling can l)e 
done at one operation, the roll of fabric 
passing under a knife, in the front of 
which is placed*, t^oug it« whole width, 
a roll of dough or cemont; two beams 
of yarn, warped iu the usual mannjr, 
passing through a rood, and on to 
the (uihesive surface. Tlic pressure 
regulated by screw on the rollers 
firmly unites the whole into one 
fabric. Instead of the yarns a woven 
fabric or fleece may Ite employed. 
The rollers arc hollow, so as to adnut 
steam. 

/Irywii? Spread After the 

goods leave the spi'eading'machines 
jthey are hung up for a few days in a 
warm room, so as to expel the little 
naphtha wiiich is retained by the rul>- 
ber, and which it gives up very slowly. 
This drying helps to remove the smell 
of the ntiphtlia, and prevents blistering 
in curing. Tlte qusJity of the solvent 
used, aud the temfKsraturo of the dry* 
ing<rooin, determine how long this 
** hanmng up ” must last before curing. 
As rubber licks up, as it were, the 
vapours and odours which float about 
in the drying-room, it would be infi¬ 
nitely better to have a series of drying- 
rooms, so as not to hang up the more 
recently spread goods with those which 
have more or less completely lost their ] 
smell of naphtha. Qoods which are 
cured by the cold process are hung up 
in the same way; but as they liave 
olwa^ a more disagreeable smell, they 
should have a separate hanging-room 
to dry in. 

Cwring and Vulcanvtir/) Falmcs .— 
(a) When spread cotton goods liave 
be(K>m6 tolerably firm, or quite dry, 
they are wound upon hollow sheet-iron 
cylinders for curing in open steam, or 
in a steam-jacket^ heater. As the 
condensed steam spoils these goods, 
tl^ are carefully wrapped up as- air- 


and water-tight as possible. Since 
wool and silk are destroyed by the, 
heat necessary to cure rubber in thin 
way, the cold process is* the only 
eligible method of vulcanising. Veiy 
frequently, however, cotton goods ttfe 
treated in the same manner. 

In packing the goods for tlie steam- 
heater care must be taken that the 
i fabrics are w'ound without creases, and 
are not stretched, as the fibres of the 
' cloth, after curing, will retain their 
distorted appearance. Double textures 
are simply wound up ; but “ surface ’’ 
gtMHls are first carefully b'ruslied over 
with very fine Krench clialk, no excess 
or ItMJsc clialk being allowed t« remain. 
They are tliea wound up ; but, as this 
necessitates tlie rubber surface coming 
into contact with the cotton surface, 
whereby it is liable to be marked, it is 
more usual to run two pieces together, 
with the rubber surfaces against each 
other. This not only prevents mark¬ 
ing, but secures an even surface; 
blisters, from dampness in the cotton, 
are also prevented. 

(6) Parkes’ process of vulcanising 
with sulphur chloride is extensively 
use<l for surface curing, such as single 
textures for garments, and sundry 
small articles manufactured from 
masticated sheet rubber, as tobacco- 
pouches, tubing, rings, etc. The 
cliloridc is mixed with 30-40 times its 
bulk of carbon bisulpliide for ordinary 
fabrics; but for solid rubber goods 
much more dilute solutions must be 
used, and a longer immersion allowed, 
than with stronger solutions, since the 
surfaces would be overcured, and 
crack. Sulphur chloride in vapour is 
preferable in many cases to the mix¬ 
ture in carbon bisulphide. The articles 
are then suspend^ in a lead-lined 
chamber, well varnished with shelloo, 
andheat^byste^m-pipes; fhschloride 
is gently evaporated, either by pladng 
it in an open dish on the steam-pim, 
or by using a small retort, the end of 
the tubulure of which passes into the 
ciiamber. The chloride is evaporated 
by a small gas-burner. Chlorine, 
limine, hypo&orouB acid, and sevurid 
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otdbr vapours can be used in the same 
way. Although Parkes uses these 
vapours with solvents of rubber, they 
act equally well, and in many cases 
more certainly, without them. 

(c) Several improvements for curing 
double textures liave Ijeeii recently 
introduced, the most important of 
which is the Silvertown process. This 
consists in passing the rubber surface 
of each piece to be united over a mller, 
revolving in a mixture of sulphur 
chloride and carbon binulplnde; the 
acid mixture does not come into con¬ 
tact with the fabrics, so that no injury 
can happen either to the colour or the 
fibi'es, and the most delicate tissues 
can be treated. Another process, by 
Anderson and Ablxitt, effects the curing 
by suspending the fabrics or completed 
garments in a chamber, which is after¬ 
wards charged witli the vapours of 
sulphur chloride; it is questionable 
how far tins method can be depended 
upon without injury to the fabrics. 
If the colours arc discharged by the 
* sulphur chloride, they are bnmght bock 
placing a dish of liquid ammonia in 
the drying-room. 

Single textures are cured by passing 
the coated surface over a roller, revolv¬ 
ing in the curing-mixture, as above. 
The fabrics are run on to a large drum, 
and the cured surface, wliieh is still 
sticky, is kept from coming into con¬ 
tact with the cloth surface by making 
the drum pick up a roller whenever its 


and quite'plastic respectively at those 
temp^tures. 

In making cloth for waterp^f gar¬ 
ments another method is employed for 
vulcanising the rubber, viz., by wet¬ 
ting its sucface with a mixture of 
somewhere about 6-10 parts cliloride 
of sulphur dissolved in 100 parts biaul- 
j phide of carbon, and tlieu lieating the 
j fabric gently to evaporate away the 
I excess of these subst^-uefes; the rubber- 
i covered eloth caniiot be heated to a 
I “high temperature like the rubber alone, 

! l)ecauHe tlie heat would be liable to 
I injure the cotton, silk, or wool of 
‘ the fal)ric, or destroj* or injure the 
: colours, 

Tlie bisulphide of carlwn softens and 
penetrates the fine layer of rubber, 
carrying with it the chloride of sul¬ 
phur dissolved in it, and it is generally 
, supposed tlxat the chloride of sulphur 
! bre^s up, the sulphur combining with 
' the rubber producing vulcanisation, 

’ and the chlorine combining with the 
hydrogen producing hydrocFiIoricacid, 

I which is liberated. This reaction is 
I clearly not the correct one, ana it ia 
I probable that the reverse is more in 
I accordance with the facts, viz., that 
' the chlorine of the sulphur chloride 
combines with the rub^r producing 
' vulcanisation, leaving tiie sulphur in 
' the free state, or only partially in com¬ 
bination with the rubljer, b^use in 
rubljer vulcanised by the cold process 
1 have found free sulphur to be pre- 


arms pass the frame which supports 
them, so that between each two layers 
of material there is a space of about 
2 in. ; as soon as the bisulphide lias 
nearly all evaporated, the fabrics are 
run on to a roller for lianging up. 

(d) Under ordinary conditions 
rubber for vulcanising is usually mixed 
with sulphur and heated to a high 
temperature, when ehemical combina¬ 
tion tak« pdace between the sulphur 
and the rubber, producing a much 
more Suable compound for ordinary 
purposes than unvulcaiiised rubber; 
the former reuuuning soft at very low 
temperatures and firm at high tempeia- 
.tures, whilst the latter b^mes hard 


seut. 

Fn>in a piece of rubljer-covered cloth 
I Hefiarated the rubljer, and submitted 
it to analysis by miring it thorougldy 
; in small pieces with pure sodium oar* 
Ijonate and igniting, then dissolving 
the whole in wuter and adding to it 
peroxide of hydrogen previously treated 
with excess Ijarium chloride (to sepir 
rate sulphuric acid or sulpbattt). 
peroxide ensures the conversion of the 
lower oxi<leB of sulphur into sulpharid 
acid, whilst the excess of baritua 
chlorides precipitates the sulphtlrie 
acid in ttie solution, which is then 
weighed as barium sulphate. 

Anotlier fwrtion of the uade^up 
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solution wu neutralised,* and the i 
chlorine present titrated. TheVubber i 
previous to ignition, as al)Ove described, I 
had been well boiled in water and i 
dried to separate any hydrochloric 
acid which might be present, but only 
a faint trace of chlorine compound 
could be thus separated from tiie 
rubber. 

The total sulphur present in the 
rubber amouhi^ to 2‘60, and the 
total chlorine to 6*31 per cent. 

The yellow-coloured sulphur proto- 
chloride is tiest adapted for vulcanising, 
l.«cause it does not act too strongly 
uiKvn the rui)l)er, whilst tlie dark- 
coloured chloride of sulpliur, contain¬ 
ing as it does a Iwge quantity of the 
higher chlorides of sulphur, is liable to 
render the rubber quite hard by vul¬ 
canising it Uto much. The tlieory 
generally adopted to explain this is 
tliat these liigher chlorides break up 
easily, liberating their sulpliur, which 
tliuB combines in greater cjuantity with 
the rubber ; but my expcriinente and 
analyses prove tliat it is cliiofly the 
chlorine and not the sulphur of the 
chloride of sulphur which produces the 
vulcanisation. (W. Thomson). 

SUnnts. —Benzine is an excellent 
solvent for caoutchouc and gutta¬ 
percha. Caoutchouc or rubber may 
also be dissolved in ether, carbon sul¬ 
phide, naphtha, spirit of turpentine, 
and chloroform. 

Solutions. —(tt) A mixture of 6 parts 
absolute alcohol with 100 of carbou 
sulphide ; the latter is the real solvent, 
the alcohol has an indirect action. The 
quantity of solvent required depends 
on the consistency of solution required; 
if moderate heat is used, and the mix¬ 
ture is shaken, the whole dissolves, but 
a better solution is obtained for adhe¬ 
sive properties by using a large 
quantity of solvent, nut shaking, but 
^wing off the clear glazy liquid. 
(Jj) For a small quantity place 1 fl. dr. 
sulphuric acid and the same quantity 
of water into a pliial bottle, and well 
shake together. Great heat is evolved. 
Allow to stand till cool; then add 2 
fl« 01 , spuita of turpeutiue and shake 


well. Great heat will again be evolved, 
and the colour changed to deep cinna¬ 
mon. Allow to stand for 24 hours, after 
which a strong dark sedimfent will have 
settled at the bottom of the bottle. 
Pour off tlie clear liquor into another 
bottle, and add 1J dr. common rubber 
cut up into fine shreds, and then place 
it uncorked over a very gentle heat, 
and allow to boil slowly for five hours. 
At the end of that time the rubber 
should be perfectly dissolved. It can 
be concentrated by longer boiling, or 
i thinned by the addition of more tur¬ 
pentine. 

Joining and Piecing Pabrica. 

(a) Make a long bevel on the ends to 
1)6 joined with a sharp rough-edged 
knife and water, scrape the bevels rough 
with the edge of the knife, and, when 
quite dry, give each a coat of rubber 
solution. When the first coat is dry, 
give it another, and when that is diy, 
put the two ends together. 

(6) Cured or uncured fabrics are 
joined for garment-making and other 
articles 1^ cementing together witik 
thin solution. Several coatings are 
applied, each being allowed to get 
nearly dry before the next is rubb^ 
on; the two adhesive surfaces are then 
well rolled down by manual labour, 
and tlie excess of cement which oo^ 
out is rubbed off, when nearly dry, by 
a piece of masticated block rubber. 
Double textures are stripped, so as to 
cement the rubber surfaces, by apply¬ 
ing first a little solvent, which renders 
the stripping-off easier. In spreading 
it is necessary to coat one of the 
fabrics with lees pressure, so as not tp 
drive the rubber into the meshes of 
the cloth. Such coatings are specially 
designated “ stripping-coats.” With¬ 
out such arrangement double textures 
could not be made with watertight 
seams. , 

Adulteration and Bubber 
Bubstitute. —A rubber substitute, 
much used at present, is produced by 
acting on vegetable oils, such as rape, 
linse^, etc., with a mixture of chlor- 
I ideofsulphurand bisulphide of carbon; 
' the oil bwmes converted into a solid 
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Bubetacce resembling rubber to some 
extent, but being much more brittle. 
This bM»ly is now used in large quan¬ 
tity for mixing with rubber for the 
purpose of cheapening its production. 
On analysis of some samples of this 
material 1 have invariably found that 
it contained a much greater propor¬ 
tion of chlorine than of sulphur, and 
this process therefore is a vulcanisation 
by chlorine rather tlian by sulphur. 

Recently 1 analysed three samples 
of rubber substitute, the one ternted 
“special” another “spongy” rubber 
su^titute, the third l^ng siinihu* to 
the first in appearance. The first con¬ 
tained of sulphur <1 * 4 au<l of chlorine 
7* 8 per cent.; the second contained of 
sulphur 4 ’ 56 and of chlorine 8 * 22, and 
the third 2‘67 of sulphur and 7*90 of 
chlorine per cent. 

Th^ rubber substitutes contain 
considerable quantities of oily mattore 
soluble in ether, whieh 1 Iiave also 
found to be chlorine and sulphur com¬ 
pounds of the oils. The first yielded 
10 per cent., the second 14'3, and 
the third 11*5 per cent, of these thick 
city matters soluble in ether. This 
oily eubetauce from the first sample 
contained 2*6 percent, of sulphur and 
6*1 per cent, of chlorine, whilst that 
&om the second contained 2*97 and 
6*87 per cent, of sulphur and chlorine 
respectively. 

^me rubber manufacturers regard 
this oily matter as injurious to the 
rubber, and reject any substitute which 
contains any considerable proportion 
of it. I have found, however, by ex¬ 
periment that this oily compound 
loiteed of acting injuriou^y on rubber, 
aetually acts as a pi*eservatiye of it; 
some rubber threads were smeared 
with this oily extract, some with ordi¬ 
nary (unvulcanised) rape oil, and some 
left untreated; these were put into an 
inoubator at 150° F. for a few days, 
when ft was found that the oil-treated 
nib^ was quite soft and rotten, 
whilst the other two had remained 
sound; after a iew days more the 
caiginal rubber threads had become 
quiterotten, whilst the threads smeared 


with the oUy part of the vulcanised oil 
remaided quite sound. 

The first and second sample^of rub¬ 
ber Bubsfituto were examined for 
soluble chlorides or hydrochloric acid 
by boiling in water; the first gave 
0*18 per cent, of chlorine soluble in 
water, and the second 0*06 per cent. 

Effects of Copper on Bubber- 
coated Fabrics.—It has been known 
for some time that epp^r salts exert 
a most injurious influouco on rubber. 
Copper salts are sometimes used in 
dyeing cloth, which are aftorwwds 
employed for waterproofing with 
rubi)tT, mid it seenis (julte astonishing 
what A small ([uantity of copper is 
roijuired to haixien and destroy the 
rubber, and the destructive effect of 
cupper is further enhanced if the cloth 
contains oily matter in wliich the copper 
has disaolv^. 

As an example, a piece of cloth, 
alleged to have damaged the thin coat¬ 
ing of rubber on it, was found to con¬ 
tain copper, and, with a view of demon¬ 
strating this point, I took one pieoe in 
its original couditioin To the end of 
this I posted a similar piece of cloth 
from which the oily and greasy matters 
had been removed by ether, and to the » 
end of this again I past^ another 
piece of the same cloth, fi'om which 
1 had removed Ixith oily and greasy 
matters and copper; those three pieces, 
joined end to end into one, were then 
coated in the usual way with rubber, 
and then hung in an incubator at. 
150° F. In the course of a few days 
the rubber on the original cloth had 
become soft, and it then hardened uid 
became rotten and useless ; the seocMtd 
piece, from wliich the greasy mettvs 
had Iwen removed, then became quite 
hard and rotten, whilst the part froai 
which both greasy matters aM copper 
liad been removed has remained in i 
perfectly elastic and good condition. 

Prof. Dewar observed accidentally 
that metallic copper when heated U 
tlie temp^ture of boiling wat^ it 
contact with the rubber exerted 
destructive effect upon it. Witil i 
view of finding whether tbii waa^ 
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to the copper sc, or to power of monium salts can be obtained. A 
conducting ^eat more rapidly \o the closely related compound, but poBsess*, 
rubber,*! laid a sheet of rubber on a ing somewhat different properties, is 
plate of glass, and on it jitaced four cupro-ammonium hydroxide, prepend 
clean discs, one of copper, one of pla- by dissolving cupric hydrate in am* 
tinum, one of zinc, an<l one of silver, monia solution, or by plating together 
After a few days in an incubator at ' metallic copper and ammonk solution 
150® F. the rubber under the copper • In presence of air, when the copper 
had become quite hard, tliat under the ' oxidisesanddissolvesintheammoniacal 
platinum liad become uligiitly affected liquor, forming a deep blue liquid, 
and hardened hi ^ffei-ent parts, whilst I sometimes termed “copperised am- 
the rubber under the silver and under j monia.” 

the zinc remained quite sound jnd | Most of these compounds are very 
elastic. This would infer that the pure unshtble, breaking up under the in- 
metiillic copper hjid exerted a great 1 fluence of heat and water alone, or 
oxidising effect on the rubber, the ' conjointly; thus cupn)-tetrauimonium 
platinum had exerted a slight effect, sulpliate treated with a large bulk of 
wliilst the zinc and silver, re8j)ectively, ; cold water is partly decompwed, form- 
had had no injurious influence on it. i ing a basic insoluble copper sulphate, 
A still more curious result was this, i together with free ammonia and am- 
that the rubber thus hardened by the monium sulpliate; cupra-ammonium 
copper contained no appreciable trace hydroxide solution is decomposed 
of copper ; the copper, therefore, pre- simple addition of alcohol to its am- 
sumably sets up the oxidising action moniacal solution, a blue suhstauce 
in the rubber witliout its permeating essentially consisting of hydrated cop¬ 
it. (W. Thomson). per oxide being precipitated ; thesame 

Cuprammonium and its result ensues on boiling, save thid; 
Allies. ^^Willesden" Products, anhydrous black copper oxide is then 
The preparation of these salts and formed, ammonia being driven off. In 
their application to the waterproofing presence of a large excess of ammonia 
of paper and textiles have been made the instability is less marked in all 
the subject of much study by Dr. Alder cases; the strongly ammoniaoal fluids 
Wright, to whom the following remarks form^ by diuBolving copper salts or 
are mainly due. The term “ cuprara- copper hydroxide in a considerable 
monium compound ” is usually under- excess of ammonia water «« the 
stood by chemists aa indicating a “ cuprammonium solutions" referred 
member of the class of substances oh- to. 

• tainable by the combination of ammonia It has long been known that these 

with certain copper compounds, so as solutions possess the power of appop 
to give rise to a “ metallo-ammonium ” rently dissolving cellulose and various 
derivative containing copper. Salts allied substances ; thus paper, cotton- 
of copper, e.g., copper sulpliate, usually wool, and similar materials, when di* 
combine with four proportions of am- gest^ with these fluids, disappear, 
monia ; thus cupro-tetrammonium and are apparently truly dissolved. It 
sulphate is obtainable in crystals by isheldjhowever, by some chemists that 
simply pouring a concentrated solution these are not cases of true solution, 
of copper sulphate into a solution of but that the substances are simply gela- 
Komema in such proportious as to tinised and disseminated through the 
obtain a clear deep blue liquid, and fluid in a transparent form, as starch 
then precipitating the crystallised salt is in water. On the other hand, on 
adding a considerable (quantity of neutralising the fluid by an add, or, 
hi g hly concentrated ammonia solution, better still, on adding potassium cya- 
or by shaking with alcohol; in a similar nide selution until the blue tint is ms- 
iuhion numerous other cuprotetram- cluuged, the cellulose reappears as a 
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gelatinouB precipitate; this result 
would suggest t^t the reappearance 
of the celliSoae is brought about by the 
deetruction of the solvent in which it 
was truly dissolved, viz,, the cupram* 
monium compound, by conversion into 
ammonia and cupro-cyanide (or into 
ammonic and cupric salts, if an acid be 
used). On evaporation to dryness of 
a cuprammonium solution in which 
cellulose has been dissolved, a more or 
less gummy mass is formed, containing 
the cellulose intermixed with copper 
oxide, and with ammonia and copper 
salts if a cuprammonium salt were used, 
but containing copper oxide and a green 
copper derivative or compound of cellu¬ 
lose if cuprammonium hydroxide were 
employed. When the cellulose is in 
excess, e.g., when the solution is eva¬ 
porated on, the surface of paper or 
calico, just dipped in the solution, 
black copper oxide is often not formed 
at all; but a green vamiah-like mass 
of cellulose conjoined with copper 
oxide, or of the copper salt of some 
feeble acid derived aom and closely 
akin to cellulose, coats the surface of 
each filament of the fabric used, welding 
and cementing them together. Tlus 
cement-like “cupro-celiulose," as it 
may be termed, being insoluble in 
water, communicates water-resisting 
properties to the material so treated; 
moreover, the presence of copper 
renders the dippe4l and dried sulMtance 
less prone than before to the attacks 
of insects and mould, so tliat animal 
and vegetable life of a parasitic nature 
and fungoid growths are rarely, if ever, 
to be ol^ved in the substances, even 
when kept under conditions where 
boring worms, ants, rot, and mould 
would be likely to attack them. 

To produce the best results in this 
direction solution of cuprammonium 
hydroxide is, for many reasons, pre¬ 
ferable to solutions cun^ning cupram¬ 
monium salta; not onfy is the action 
on cellulose more oiesgetic for a given 
ai'nount of copper and ammonia in solu- 
tujn, but various other advantages are 
gained. For example, if amnoniacal 
solution of eupmmmnnium sulphate be 


I used, the dried treated ftbn 
j tain ammonium sulphate, a 4 cb will con- 

I times copper sulphate, soluble lb,Dd some- 

j rendering'the material porous jvater, 

\ pc«ed to the action of water in sul f ex* 

‘ ent quantity to dissolve out the solu ai.%ci- 
: matters, and causing more or igavble 
' tendency to unsightly effiorescenceless 
i under other conditions. Further, dur- s 
I ing the drying of materials treated?* i 
' with cuprammonium hydroxide solu-n i 
j tion all the ammonia present is vola-ri f 
j tilised, and may be recovered by apr. 
i propriate means; whereas, with cr in 
; prammonium sulphate solution a (.«»tds 
siderablc fraction of tile ammoni with 
: fixed in the fabric as sulphate, aut^lmig 
lost. ler is 

i A peculiar property of cupran/ the 

; niumsolutionB,and one most impoiM:t of | h 
from the manufacturing point of eloth | jj 
is that whereas iron is, as is well ki copper 11] 
; attacked and dlssulv^ by solutio 
; ordinary copper salts (e.g., thtcloth, 

' phate “ blue vitriol ”), an equiM coat- 
; quantity of copper being precipic con- 
: during tlie operation, no such actstnen-ji^^ 

. observable with cuprammoaiuDciocol^' ( 
’ drate solutions; so that cast-end < 

, wrought-iron tanks and baths t< clotlf^jj^ 
reception of the liquor may be>atten’,^Q^ 
with impunity, as may steel 
and macMneiy of all kinds wbeiiotiiAbesf 
ployed in contact with the Hqi 
witii fabrics moistened therewith 
the other hand, copper and braBf^<ie 
be studiously avoided in the coi } tfa 
tion of such applwnces, otherwi^bb 
rosion and injury are speedily b^or 
; about. This peculiarity, as 
. non-action of iron and steel, is 
i more remarkable in that it is not - 
' served with zinc; tliis latter mef 
' ])recipitating copper (and being it 
! dissolved) with about equal feciUty 
' whether the copper be in the form < 

- an ordinary copper salt or in that 
a cuprammonium solution. , 

I For cert^ purposes a bath coat 
; ing a mixture of cuprammonium Uii 
the analogous zinc-ammonium hj 
j droxide solutions may be used uds 
I advantage; the zine compound 
I not of itself suffirnently peotise 
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lose to give good results, J)ut when ] 2-ply simultaneously through the bath 
used in conjunction with cupr^mmo-! a second time, and pressing them 
nium l^drdSide, pectisihg is brought ' together and drjdng, thus giving rise 
about by the copper solutijn, whilst to 4-ply card, the thickness mostly 
certain advant^es are gained by the adopt^ for roofing. By repeating 
simultaneous presence of zinco-cellulose this process with two batches of 4-ply, 
and cupro-celluloHo in the finished 8-ply is obtained; and siniilariy to any 
goods. The manufacture of cupram- ' reijuired degree of thickness necessary 
monium and zinc-ainnionium solutions for special purposes, 
is effected by the Hiumltaneous action A noteworthy jwint in connection 
of air an<l nniTionia water on metallic with these processes is that, when cer- 
copper (or brae^, K a mixture of cupro- 1 tain precautions are taken, the copper 
and zincu-anmionium hydroxides is j present in the ammoniacal fluid im« 
required), due attention Ixjing paid to bibed ly the material passed through 
the recovery of the large amount of i the bath is wholly converted during 
ammonia nccysarily carried away by drying into a compound with the pec- 
the “ Hj)cut ” air during the operation. , tised cellulose of an agreeable green 
The manufacture of kbrics, notably ; tint, and is not dejwsited as black 
paper and canvas, treated with cupram- i copi)er oxide, as it would be on 
monium solutions so as to waterproof j evaporation of the solution without 
them and render them rot-proof, and I cellulose in a porcelain dish, etc. It 
practically free fnjm the attacks of j is largely the presence of copper in 
insects and mould, is practised on this form that renders Willesden 
the large scale at Willesden by the fabrics so free from growths of mould, 
Patent Waterproof Paper and Canvas mildew, rot, and fungoid v^etation 
Co. generally, and from the at^ks of 

The process by which these fabrics insects. The compound is so stable 
ai)B manufactured may be described us as to be wholly unaffected by water, 
essentially consisting of the prepara- when once dry. Of course, mineral 
tion of a concentrated solution of acids dissolve out copper to some ex- 
cuprammonium hydroxide, and the tent, but this is not the case with 
passing of the goods to be treated ordinary water, apparently not even 
through a bath of this material at just with London rain, 
such a rate as will permit of the pec- Insteadof cuprammonium hydroxide 
tising and gelatinising of the extmor alone, in certain cases a mixture of 
of the fibres composing the paper or cuprammonium and zincammouium 
canvas, etc., without wholly disinte- hydroxides may be used. Thepectised 
grating the ttiahr *, bo that the material cellulose then contains both zinc and 
on emerging from the bath retains copper, indicating apparently that a 
coherence sufficient to enable it to be zinc cellulose compound has also been 
passed over and under the usual drums, formed. Zincammonium hydroxide 
etc., of a.paper mill, and so to be dried alone, however, does not pectise paper 
in the ordinary way, This drying con- sufficiently to give good results. In 
verts the film of pectised cellulose coat- order to pectise paper, etc.,thoroughly, 
ing each filament and fibre into an when the maters are passed through 
insoluble solid varnish which cements the baths at a convenient manufM- 
the whole together. In order to build turing speed, it is essential to use a 
up thick cat^ two or more reels of liquid containing 100-150 Ib. of am- 
paper employed, passed rimultane- monla per 100 gal.* (about as much 
ously through the bath, and then ammonia as is present in solution of 
preued together and dried as a whole, ammonia, sp. gi'. *940 to ‘960). Such 
Wo thicknesses thus treated forming a fluid, when nearly saturated with 
2-ply card. The best kinds of thick 

caids are made by passing two rolls of • i tb. p«r lOO gabs i gnn. par litres 
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copper pn«eDt as pure cuprammonium 
hydroxide, will cou tain 20-25 lb. copper 
(reckoned as metal) per 100 gal. Con- 
sideiably larger amounts copper, 
however, may be taken into solution 
in the form of cuprammonium salts, 
orwhen certain forms of organic matter 
are also present in the liquor. Accord¬ 
ing to the textbooks ammoniacal solu¬ 
tions of cuprammonium salts dissolve 
cellulose, but such fluids are found to 
be unsuitable for the manufacture of 
Willeeden goodsyforavariety of reasons. 
In the first plac», for a given quantity 
of copper in solution an ammoniac^ 
solution of cuprammonium hydroxide 
appears to possess a considerably higher 
pectising power than a similar solution 
of a cuprammonium salt; next, when 
a cuprammonium salt, e.g., the sul¬ 
phate, is used, there is not only a ten¬ 
dency to form a little copper sulj^ate, 
whi(^ can be washed out of the finished 
fabric by water (ihus rendering the 
material unsuitable for many purposes, 
e«g., cattle drinking-troughs, portable 
sheep-pens, etc.), but, further, much 
ammonium sulj^te is formed is the 
body of the fabric, thus giving rise to 
a double disadvantage: first, because 
the ammonia thus fixed is wholly lost, 
whereas the ammonia in cuprammo¬ 
nium hydroxide is wholly volatilised 
durii^; the drying, and can be recovered 
and over again ; secondly, because 
when the fabric is wetted, the ammo¬ 
nium sulphate is washed out, thus 
partially opening the texture, and 
rendering the nwss more porous and 
less impervious to moisture; beside 
which, the ammonium sulphate some¬ 
times effloresces as an unsightly saline 
film. For these and other reasons 
cupEnmmonium hydroxide, and not a 
cuprammonium salt, employed in 
the manufacture of' the so-c^led 
“ "Willesden ” goods. 

These ^oods are divisible into two 
dassee, via. (a) round or made-up, 
as rope, ccnrdage, netting, etc,, 
aiid (5) rolled flatl • 

Qoo^ of the first class (a) are pre- 



cuprammo.nium solution, using certain 
precautions as to the mode of immer¬ 
sion and its duration, and the strength 
of the solution. On subs^uently 
drying the dipped fabrics, they are 
obtained coated and impregnated with 
cupro-cellulose, which thus not merely 
forms a kind of vamish-like surface 
dressing, but further adds strength to 
the fibres by more or less intimately 
cementing them together. The free¬ 
dom from liability if - mildew and rot 
I «f these products is remarkable, whilst 
they possess many advantages as com- 
pu-ed with similu' goods protected by 
tarring, or dipping in bark vat, or 
treatment with othei^ preservative 
compositions. 

Goods of the second class (6) consti¬ 
tute a much more important group. 
These falnics are essentially of three 
kinds, viz., canvas, scrim, and paper. 
The former two of these classes possess 
many features in common with the 
round ormatle-up goods justdescribed, 
being prepared in much the seune way, 
saving that the fabric to be treated is 
usually unwound from one roller and 
rewound upon another, after passing 
successively through the bath and a 
series of {frying rolls somewhat ana¬ 
logous to those of a paper mill, like 
Willesden cordage and netting, they 
exliibit remwkable freedom from 
moulding and mildewing influences. 

Willesden paper manufacture maybe 
subdivided into two departments, viz., 
(1) unwelded, (2) weld^ (rolled) goodie 
the first class being a single web or ply 
of paper of indefinite length passed 
through the bath, and rolled and dried 
in much the same way as canvas and 
scrim ; the second cl^ consistiDg of 
more than one ply or layer of prisafeiy 
material, incorporated into one toUd 
insoluble sheet or homogateous penst 
of indefinite continuous length. t 

1. Unweldetl or “ 1-ply ’^paper 
hibits much the sunegem^renstaaoe ^ 
to mildewing and moulding influeiKHi j| 
as Willesden canvas and cordage- .•Aze ^ 
cording to the nature oi p^* 
originally treated, different kfruto 
1-ply result. Certain ooarse wMfai 
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furnub a waterproof material excel¬ 
lently adapted for lining packa^ea and 
wrapping parcels liable to be exposed 
to dam'^ during transit, an^ of special 
value as a Orst coat of paper to be ap> 
plied to damp walls. Finer qualities 
furnish envelopes and stationery pos¬ 
sessing the valuable property of not 
being affected by water. Letters' 
written with such stationery would be 
as legible as ever (provid^ the ink 
were not wasVerf away or bleached), 
even if the mail-hags containing them 
were sunk in the ocean or washed (wer- 
board, and not recovered until after 
long periods of immersion. In con¬ 
nection with* this may be noticed a 
mode of fastening envelopes, affording 
security against opening and tamper- , 
ing with contents, impossible with ' 
ordinary gummed envelopes, or with 
those secureil by sealiiig-wax, either of 
which, R8 is well known, can be readily 
opened by a skilled person, and re¬ 
closed without noticeivble alteration (an 
impression of the seal Iwing of course 
taken in the case of sealed letters, and 
subsequently used to rc-seal them). 
Thii method consists in using as fasten* 
ing material a concentrated cupram- 
monium solution; the edges of the 
envelope are moistened therewith, 
where% the paper is gelatinised ; the 
envelope is then clc^ and ironed 
with a warm flat-iron, when the gela¬ 
tinised cellulose is converted into an 
insoluhle cupro-cellulose, and the 
cover is fastened down so securely that 
the only possible mode of opening 
is to tear the paper. No amount of 
steaming or treatment with water will 
undo the cement, as it would with a 
gummed envelope. Another applica¬ 
tion of this same principle consisti in 
the use of a wafer of * ‘ Willesdenised ” 
paper, moistened with cuprammonium 
solution before use. Obviously, the 
same principle may be applied in the 
direction of cementing together the 
edges of sheeta of paper so as to form 
larger iheeta, fixing finnly together 
p^ier, pasteboard, wood, and analogous 
funam, book-tan^ng, and in numer¬ 
ous other* ways; troughs and dishes, 


water-tight boxes and packing-case 
linings are readily prepared thus. 

2. Welded Willesden goods have un* 
doubtcdly the merit of ^ing the most 
remarkable and interesting of all, on 
accountof their importantapplications; 
they are all prepared in substantially 
the same way, viz., by simultaneously 
dipping more than 1 ply, and presring 
into one compact homogeneous sheet 
the various layers, wliiist still gela¬ 
tinised or pectised by the ^ion of the 
cuprammonium solution.. According 
to the nature and tluckness of the 
finished material various subdivisions 
of this class may be tabulated, e.g.:— 
8-ply, panel 1)0^ ; 4-ply, for roofing, 
building, panelling, decorating; 2-ply, 
for underlining, interior decoration, 
floors, damp walls, packing, leaky 
roofs; 1-ply, describe above as un¬ 
welded Willesdcn goods. 

Besides these, various kinds of com¬ 
bination fabrics may be noticed, such 
as those obtunable by simultaneously 
treating paper and calico, and welding 
the two t(^ther so as to form mi 
article resembling ordinary mounted 
drawing paper, but differing therefrcKOi 
in the imp^tant character that loi^- 
continued immersion and even long 
Ituiling in water causes not the least 
disintegration or separation of the two 
diverse fabrics thus combined; bo that 
military and submarine engineers’ and 
surveyors’ plana, and the like, drawn 
on Bucb paper would be uninjured by 
being expom to wet and rain, if tlm 
colours or ink were of suitable k^da, lo 
as to resist the action of the water. 

Willesden 8-ply is adapted for pend 
work and use where great etren^h is 
required, and is valuable owing to ita 
b^ng m^e (to special order) 64 or even 
60 in. wide, and in continuous lengths; 
from the nature of this material there 
is no fear of its cracking or splitting 
like ordinary panel bomd. For boat* 
building and naval construction gene¬ 
rally it is well adapted. 

Willesden 4-ply, next to slates and 
tiles, stands jm-eminent as a du;r 
able roofing material, umusulable by 
weatherof allkinds; whilstltsstrengtlii 
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combined with lightness and fiezi' 
bility, render it a most valuable and 
unique article for practical use and 
service ; more especially are these ad' 
vantages manifest in connection with 
up^ountry and foreign employments. 

It would come far cheaper than gal¬ 
vanised iron, in any locality where the 
cost of transit is heavy, more especially 
in new districts where the means of 
communication with the seaboard are 
but imperfectly opened up. Again, 
being put Up in compact rolls (ordi¬ 
narily of 2 cwt. each), no space is 
wast^ in packing. Another special 
advantage Is, that being comparatively 
non-conducting, the heat of a tropical 
sun is less felt under a roof of this kind 
than under a metallic one; whilst, on 
the other hand, the condensation of 
moisture from warm air inside a hut 
thus roofed or walled is all but imper¬ 
ceptible, even on a cold night; whereas 
an iron building, under similar con¬ 
ditions, frequently gives an incon* 
venient drip of condensed water from 
the roof, and small streams running 
down the walls. 

For building purposes generally, and 
interior use, 4-ply offers many advan¬ 
tages. Where the buildings are tern-, 
porary and intended for subsequent I 
removal elsewhere (e.g., workmen’s 
huts when engaged in r^road con¬ 
struction), the lightuessof this material 
renders it eminently adapted for con¬ 
struction in removable sections; and 
for more permanent structures it is ' 
equally advantageous for numerous 
reasons. It does not harbour moths or 
other vermin; in the hottest weather, 
underabroUing tropical sun, it remains 
unchanged, and emits no unpleasant 
odour ; it requires no painting, and 
exempts from the necessity of using 
pot and brush year after year to pre- 
TeDtcorroaion,or tomakeaneatsur&ce, 
or render \rat^-tight, weather- 
proof in itself. If requh^ for internal 
deoQiation, however, it will take paint 
ree2lily,aQdf indeed, forms an admirable 
founi^ou for tbe punter and deco¬ 
rator to work upon, in this respect 
having nuuied advantages ovea felt 


with which material it has nothing in 
common, although tbe two can, if de¬ 
sired, be used in conjunction. In case 
of fira, although not absolutely inde¬ 
structible,'yet “Willesden” will not 
readily feed the flames, the copperising 
and compacting process by which it is 
made rendering it far less inflammable 
than such su^tances as painted or 
tarred felt, or wooden shingling; its 
lightness, moreover, renders much less 
massive timbering requisite for the 
support of roofs, thus again diminisiung 
the .risk of damage conflagration, 
there being actually less combustible 
matter about a building erected with 
this material than is ne^/essary when 
the weight of a slated or tiled roof lias 
to be supported. .A special method 
of fixing walls and roofs of Willesden 
paper is recommended (see ‘ Spons’ 
Mechanics’ Owu Book,’ pp. 618-20). 
Many such roofs are now standing in 
perfectly good condition, after upwai^ 
of eight years' exposure to weather of 
all sorts; sinularly, pipes conveying 
both water and steam have been in use 
upwards of three years below ground 
at the Willesden works without any 
visible deterioration. 

Willesden 2-ply issusceptible of being 
used for many purposes for which 4-ply 
is applicable, mure especially when a 
less d^ree of body and substance will 
suffice. One special purpose to which 
it is excellently well a^pted is for 
laying upon or under floor-boards and 
joists, to avoid damp and draughts. 
Used as a floor-cloth for stiurs and 
offices, it wears well and is most effec¬ 
tive, the cost being only a fraction of 
that of linoleum, kamptulioon, and 
wmilftr articles. 

Boats made of the paper answer 
very well in fresh water, but have not 
been tested in salt water. One advan¬ 
tage in making boats of the paper ia 
that they are lighter than those made 
of wood, and, in the next plaoe, ore^ 
very easily repaired. Fitoto^mhiff;! 
dishes can easily be made by t&iijS * • 
sheet and pinching up ooN** 
bulging being prevented niT*qh% * 
thr^ through the comen, ..Hw 
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diBhefl cftn be used for *clieimcal8, 
though it is not advisable to pvt in a 
second ghemicalif the first has remained 
in the dish for some time, ffhe action 
of acids upon the cord depends upon the 
concentration as well as the nature of 
the acid and the temperature. If the 
card were boiled in a beaker, with weak 
sulphuric or hydnichlorio acid, Uyond 
doubt copper in solution would 1)0 
fcmiid, and^ r* doubt, there would 1x5 
less copper in thf canl than there was 
before; but, in the cold, very little 
copper is dissolved out. It is unlikely 
that tile solution of copper in this way 
wouW affect t^c stability of the mate¬ 
rial for use in galvanic cells. Wliether 
tliis material can be used for vats for 
bleaching purjxises is a matter which 
experience alone can decide, though 
there is nothing in the character of the 
material wluch would unfit it for the 
purpose. At the same time it is doubt¬ 
ful whether oil of vitriol could be kept 
in a vessel made of Wiilesden paper. 
With regard to ropes being ouly super¬ 
ficially tinged witli the coppery luato- 
rial, that partly arises from the circum¬ 
stance tliat the rojxi is purposely not 
immersed sufficiently long to enable 
the fluid to penetrate deejdy. As the 
action of tlie solution is to dissolve and 
disintegrate fibres, if tliin ropes were 
saturated all tlirough, they would lose 
a certain amount of strength. It is 
not necessary that a rope shall be satu¬ 
rated througliout. As to the paper 
treated at Wiilesden, complete pene¬ 
tration of the fluid iuto each ply of 
paper is a ueceaaity, in onler to obtain 
a proper product. The principal diffi- 
otdty in carrying out the process con- 
msta in exactly r^;ulating the strength 
of the solution as r^rds the amount 
of copper and ammonia, the nature of 
the paper and the length of time during 
which it has to pass through the vat, 
in order that the solution shall pass 
into the interior of the paper to the 
proper extent and no more; fur if the 
action of solution is overdone, the ma¬ 
terial becomes too soft and tender to 
be dealt 'with by the maclune. Both 
tiie canvas and paper are susceptible 


of use as a medium for painting, though 
canvas has not been long in use; but 
there is every rcaBon to believe that 
works of art on canvas trefeted by this 
process will be less subject to deteriora¬ 
tion through injury to the foundation. 
The paper would have no effect upon 
any mineral colour employed for deco¬ 
rative purjKtses. The action of copper 
U]X)n cerbiin organic dyes is well 
known, but thewe sul^tances are rarely 
usetl for painting. The paper can be 
moulded into any shape. As to the 
analogy between this paper and paper 
parchmentised with sulphuric acid, the 
two processes are dissimilar, though 
chemically the change produced on the 
paper fibre is of mucli the same 
character. There is a certain amount 
of analog)' between the processes; if, 
for example, a sheet of writing paper 
is impregnated with cupnimmoiiium to 
a fair extent, it has much the same 
toxturewhen finished as parchmentised 
paper, and microscopically there is the 
same kind of structure. The quantity 
of copper left in the paper after treat¬ 
ment will vaty very much according to 
the length of time the paper is allowed 
to leiuaiu in the solution, and the 
quantity taken up, but in round figures 
an analysis of 4-ply paper shows that 
it contiuna about 4 per cent, of metal, 
Amuug other uses to which the paper 
may bo put are covering bricks in the 
brickfield, and making shelters for 
vineries. Upon the question of 
whether Wiilesden paper is a non-con¬ 
ductor for electricity or not, probably 
if the material were rolled up into a 
pipe and used for telegraph cables it 
would serve very efficiently, though 
scarcely with any advantage over 
guttapercha. It certainly does not 
conduct electricity readily ; but as it 
contmuB copper, if there happened to 
be a leaky wire, reduction of metallic 
copper m^ht be'caused, whereby me¬ 
tallic communicatiou would be set up 
from the wire to, the earth, and, there¬ 
fore, it is doubtiul whether the sub¬ 
stance could serve for the purpose of 
insulation. For chenuoal laboratories, 
and household matters, there are a con- 
2 E 
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aiderable number of applications where 
the material will come in most handily. 

Miscellaneous Preparations.— 
A large number of compounds have 
been proposed at various times for ren¬ 
dering articles of everyday use more or 
less impervious to wet. These will 
now be collected together and arranged 
under four heads, according as they 
are designed more particularly for felt 
hats, leather, paper or textile goods. 

Felt Hats. —(1) The stuff of 
coarse hat bodies is imbued with dry¬ 
ing oil, prepared by boiling SO parts 
linseed oil with 1 part each of white 
lead, litharge, and umber. The felt 
to be dried in a stove, and then 
polished by pumice; five or six coats 
of oil are re<]uir6d; the surface is at 
last varnished. When the hat is in* 
tended to be stiff, the fabric is to be 
impregnated, first of all with i^aste, 
then stove-dried, cut into the desirecl 
shape, and pumiced repeatetlly; lastly 
placed in a hot iron mould, and exposed 
to strong pressure. 

(2) Hemove lining of hat, and paint 
the inside with Canada balw^m, made 
hot. Hats made waterproof and not 
ventilated will bring on premature 
baldness ; so punch a few small holes 
in the side. 

(3) Por waterproofing a soft liat, 
sponge the inside of the hat with a 
warm solution of soap, 2 oz. to the 
pint, and dry. If the hat is a light- 
coloured one, it could be dipped first 
in the soap, and then in the alum ; 
this will more effectually waterproof 
the hat. 

Leather.—(1) Add to a boiling 
solution of common yellow soap, in 
water, solution of alum or alum-cake 
(alumina sulphate) as long as a separ¬ 
ation of white alumina soap takes 
place; allow the precipitate to subside, 
wash it with hot w^ter, heat moder¬ 
ately for some time, to expel adhering 
water} and dissolve the semi-trans- 
psrent mass in warn; oil of turpentine. 

solution may be, a])plied by brush ‘ 
or by doping and rolling. Oil and ' 
colmira may be added to the ^th, and* 
substance dried in the air, or more 


rapidly in- a drying room at 90®-100® 
F. (32®“38° C.), with care to prevent 
fire. ' * 

(2) 100 oz. best white or yellow wax, 
6 oz. Burgundy pitch, 8 oz. ground-nut 
oil, 5 oz. iron sulphate, 2 oz. essence 
of thyme. 

(3) A method of waterproofing 
leather and raw hides, used in southern 
Austria, is as follows: Impregnate the 
substance with a gelatine solution, 
mixed with some mineral salt to coagu¬ 
late the gelatine in the pores.. The 
fofiowing mixtures can be used: (a) 
1200 water, 15 gelatine, 5 potash H- 
chromate; or (b) 1500(>fater, 60 gela¬ 
tine, 30 jvotash bichromate ; the tem¬ 
perature of the solution may vary from 
50° F. (10° C.), to Boiling-point. When 
the bichromate percentage is small, tha 
lif^uor is used cold, and the leather or 
hide is immersed for 24 hours; as the 
proportion approaches the point of 
saturation, the tem])erature must 
approximate more nearly to boiUng, 
and the time of immersion be reducM 
until iKJComes momentary. The 
bichromate solution may be replaced 

the following : 1000 water, 10 gela¬ 
tine, 100 lead acetate, 100 alum; in 
every case, after impregnation on one 
or both sides, the leather or hide 
should be dried, and dressed on both 
sides with paraffin. 

(4) For rendering hose of fire-engines 
completely water-tight so ae to with¬ 
stand the greatest pressure, the hose, 
after being cleaned and dried, is im¬ 
pregnated with a mixture of 100 pwts 
of glycerine and three of carbolic acid, 
which may l)e done cither by drawing 
the hose through the liquid, or, better 
still, by bnish^g it well in, Thw 
treated, the hose preserves a certain 

, degree of dampness, without, howew, 
being liable to rotting in the 
I degree, and so suffering detrfiOTa^®® 
i in ({uolity and durability, 

; fittings of the hose are attacked 
imperceptibly by the acid contnip ed ^ 
the composition ; but even Ihk 
l)e easily prevented by 
before impregnation a ooa«M 
shellac varnish, or by grsajmg 
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well with tallow. The hose must bo | 
cleaned every time they haVe been 
used,* dried,- and impregnated anew I 
with the liquid. The previous drying | 
of the hose is, however, not necessarily ' 
essential, more especially in winter, | 
when drying is slightly difficult; it. 
suffices to let tlic water run well out • 
of the hose. 

(1) Boots and Shoes. —Apply to the '• 

soles as «iuMi^{)al varnisli as tl)ey ; 
will absorb; and castor oil to the . 
uppers. The castor oil does not.pre- ; 
vent subseiiucnt blacking. | 

(2) 1 oz. ljeo8wa.x, ^ oz. suet, 2 oz. 
olive oil, i ozflampblack ; melt the wax 
and suet in the oil, atld the lampblack, ' 
and stir till c(X)l; warm the shoes and 
rub in the couqsmnd. 

(3) Warm the boots by the fire and 
then rub in iwraffin wax ; ii is, how* 
ever, apt to soil tlio stockings by being 
melted out by the hetU of the feet. A i 
saturated solution of paraffin wax in ' 
cold uaphtlui, a}>plied cold, is perhaps 
better. 

(4) Mix together in a ]ti])kln, on the 
fire, 4 parts tallow to 1 of resin, and 
having thoroughly warmed the boots, I 
apply it, molted, with a painter's brush ! 
tul they will nut soak in any more. If 
the boots are well polished before 
applying the mixture, they will iwlish 
afterwards. 

(C) Take about 1 gill of Macintosh's 
indiorubber waterproofing solution, 
dissolve it in 2 gills raw linseed oil, 
adding the oil to the sulutiou gradually. 
With this liquor paint the bouts, giving 
ae many coats, at intervals of six or 
ei^t hours, to the leather as it will 
take in, which may be as many as ton 
or twelve. The prepared leather takes 
a brilliant polish. 

(6) 1 part uBokerit in 2 parts castor 
oil, and 1 part lampblack added, makes 
an excellent application, ae the boots 
will take a thin polish after. 

(7) SaM oil 1 pint, mutton suet 
4 OE., white wax and spermaceti of 
each 1 oz., molted together, and applied 
W the boots wormed before the fire. 

(8) Much used by fishennen : Melt 
8 M. spermaceti in a ladle, and add 


oz. rubber, cut into thin shavings. 

hen dissolved, add J lb. tallow, 2oa. 
pure lard, and 4 oz. amber varnish. 
Mix well, and while still warm apply 
with a brush, giving two or three coats. 
It leaves a go^ polish, and is preserva¬ 
tive as w’ell as being waterproof. 

Paper.—(1) It is awell-known fact 
that cellulose is Holul)Ie in cuprous am¬ 
monia solution ; paper, linen, and other 
vegetable tissues laid therein undergo 
a sort of surface-amalgamation of the 
fibres, which alters their absorbent 
powers. A sheet of paper so treated, 
and dried afterwwds, becomes imper¬ 
meable to water, and tliis property is 
not ef&ced by subsequent boiling. 
Sheets of paper soaked in the solution 
and laid one upon the other au<I rolled 
become amalgamated into a kind of 
cardboard, possessing great elasticity 
and cohesive power. The cuprous so¬ 
lution may be prepared by agitating 
cupper filings in a closed vessel contain¬ 
ing Ifijuid ammonia of '88 sp. gr. 
(AVs CUPRAUHONIUM ?B0Ck6B£S ADO 

W 11 .LMDKN Paper). 

(2) Dissolve 8 oz. alum and 3| oz. 
Castile soap in 4 pints water, and 2 oz. 
gum arabic and 4 oz. glue, separately, 
in 4 pints water; mix the solutions, 
heat slightly, dip in the single sheets, 
uud haug up until dry. 

(3) Waterproofing pasteboard may 
be efiected with a mixture of 4 parts 
skiked lime in 3 of skimmed milk, 
with a little alum added. As soon as 
mixed, the pasteboard is brushed over 
with two successive coatings of the pre¬ 
paration, and thus becomes impervious 
to water. 

(4) Take pale shellac, 6 oz.; borax, 
1 oz.; water, I pint. Digest at nearly 
the iMiling-point till dissolved, then 
strain. This forms also an excellent 
vehicle for water-colours, inks, etc. If 
required quite* trauspeu'ent, the loo 
should be bleached os follows: Dissolve 
sbellao in a lye of pearl-ash, by boilii^; 
filter and pasa an excess of chlorine 
gas througli the solution, which will 
precipitate the white lac. Wash and 
dry the pi^ipitate, and cast if de* 
Bind into sticks, 
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(byPaekijiff Paper. —Dissolve l|lb. j washed in i hath of aqueous ammouia 
white soap in 1 qt. water. In another until every trace of acid h^ been re* 
quart of water dissolve oz. gum moved, dually, it is pres^ between 
aiabic and 5 oz. glue. Mix the two rollers to remove the excess of liquid, 
solutions, warm them, soak the paper dried between two other rollers which 
in the liquid, and pass it between are covered with felt, and lastly calen* 
rollers, or simply hang up to dry. deretl. The product is suitable fop 

(6) Waterproof Paper for Boats.— diaphragms in dialytic operations. 
Sheets of stout manila passed through (9) Treat the tissue to be water- 
a hot bath of aqueous solution of zinc proofed with chloride, sulpliate, or other 
chloride (at 75° B,), pressed strongly soluble salt or salts of zinc qf c^mium, 
together and then Soaked iu dilute iji conjunction with ammonia, applied 
aqueous soda solution containing a in the form of a solution competed of 
small amount of glycerin, cohere to about 3 parts crystallised zinc sulphate, 
form a strong, stiff, waterproof board or 3 parts of a solution of zinc cldoride 
admirably adapted to the construction at 76° Tw. (47° B.), antj about 2 parte 
of small boats. Single sheets of paper ofBolutionofammomaofap.gr. 0*875. 
passed quickly through the zinc chlo* The paper which it is propos^ to treat 
ride bath, pressed, and washed, and is poss^ through a cistern lined with 
dried, are waterproof, and may be lead, and specially constructed for this 
otherwise joined to form waterproof purpoBe,withanarrangementof rollers, 
boards by any suitable cement, such so as allow tixe material to pass 
as the following : Good pitch and gutta tlirough at a speed varying from 30 to 
percha (about equal parts) are fused ! 36 yd. per minute, according to the 
together, and to 9 parts of this are tbicknesB. In its passage through the 
added 3 parts of boiled oil, and ^ part liquor, the material becomes perfectly 
of Utha>rge; continue the heat with saturated. From the bath It passes 
Btirring until thorough union of the through a tiair of squeezing rollers, 
ingredients is effected. This is applied which remove the superfluous liq^uor, 
hot or cooled somewhat, and thinned and harden it by compresrion. 

with a small quantity of benzole or the rollers it is next passed to a sus- 
turpentine oil. pending apparatus, then bung along 

(7) Grease-proof Paper. — Parch* the room in folds in a temperature of 
ment-paper is plunged into a warm 110° F. (43° C.), until it is sufficiently 
solution of concentrated gelatine, to dty to be taken down. Tho roUen in 
which has been added 2^-3 per cent, the cdstern, the squeezing rollers, and 
glycerine, and allowed to dry. The the suspending apparatus are so sp^ed 
resulting paper is impervious to grease, that the material is taken from one to 
If desired to make a paper waterproof, the other without any inconvenience 
the same parchment-paper is (Upped or stoppage. 

in carbon Sulphide containing l;per (10) Treat with glue, gelatine, or 
cent. linseed oil and 4 per cent, india* other similarsubstances,in conjunction 
rubber. with bichromate or clu^)mate ox potash, 

(8) ParcKment Pa^r is obtained soda, or alumina, applied in tli form 
by thoroughly washing woollen or of a solution of about 1 part glue or 
cotton fabrics, so as to remove gum, gelatine in about 8 of water at 160° F« 
starch, and other foreign bodies, then (71° C.), and a solution of 1 part potaail 
immersing thqm in a hath cont^niiig bichromate in 15 of water. The mode 
a smAll quantity of paper pulp. The of treatment iu this case differs from(9)^ 
latter is made to penetrate the fabric oulyintwo])oints. (a) During the 

by being passed between rollers, the material is traversing the hath, as 
Thus preptfed, it is afterwards already described, the solutionis nun* 
dipped into sulphurio acid oftsuitable tained at 160° F. (71° C.) by means 
"concentration, and then repeatedly of siphon pipes charged with steam; 
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(6) instead of suBpending to dry, the 
material immediately passed over 
three ateam cylinders 7 ft. in diameter, 
carrj’ing a pressure of 15-2ftlb. to the 
Bq. in. llie cylinders are provided 
with gauges to indicate the pressure 
they are required k) carry, and also 
with safety-valves to prevent this pres¬ 
sure from being exceeded. The bith 
must always be kept in a state of dark¬ 
ness, , * 

(11) The pap3r is treated with ace¬ 
tate, sulphate or chloride of alumina, 
applied in the form of a solution bf 1 
part of any of these com]X)UndH in 6 of 
water at 160JF. (71'^ C.). The «ime 
conditions are re(iuired to produce a 
waterproof material with these com- 
j)OundB as those descriWd in (9) and 
QO), with this difterence, tiiat it is 
not absolutely necesaar)* to preserve 
darkness during the process. 

Yarmslm /or Waterproof Paper* 

(12) FuIveriHe 1 lb. shellac and put it 
into a bottle witli a sufheieut quantity 
of alcohol to cover the resin; cork the 
bottle tightly, and keep it in a wann 
place until the resin is dissolved. To 
1 qt. of the liciuid ad<l 1 oz. ivory block 
and } oz. camphor dissolved in ^coliul. 
Apply witli a vamisli brush. If too 
thick to work well, thin with alcohol. 

(13) Johnson’s green vitriol is dis¬ 
solved in water, a solution of soap is 
added to tliis, and the precipitate of 
iron soap which is formed is collected. 
When this precipitate has become dry, 
and is then dissolved in carbon bi3ul- 
phide or in benzoic, a fluid is obtained 
wliich leaves behind a waterproof layer 
upon paper or tissue. If the papier or 
tiMue is to remain white, a solution of 
alum is used instead of that of green 
vitriol, and a white aluminium soap is 
then obtained, which is used in the 
same manner. 

^4) Take 4 oz. clean guttapercha, 
dismlve ia 1 lb. rectified resin oil; 
add 2 lb. Unseed-oil varnish, boiling 
hot. 

(15) 1 part dammar resin, 4-6 pu^ 
acetone are digested in a closed flask 
lor two weeks, and the clear solution 
is poured off. To this 4 parts collodion 
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are added, and the whole is tdlowed to 
clear by standing. 

(16) 30 parts white shellac are di¬ 
gested with 500 of ether, and to the 
solution 16 of lead carbonate are added; 
it is then shaken for some time and 
repeatedly filtered. 

(17) 5 parts glue are dissolved in 
100 of w’arm water, and this solution 
is spread on paper. After drying, the 
papier is soaked for an hour in a 10 per 
cent, solution of alumina acetate and 
^ain dried, in order to give it a final 
glaze. 

I (18) 120 parts liusee<l oil are heated 
and poured into a mixture of 33 of 
quicklime and 22 of water, to which 
.55 of melted rubber have b^n added, 

' stirring all the time. The varnish is 
. strained and used hot 

(Id) 1 part guttapercha ia carefully 
digested in 40 of benzene on the water 
bath, and the paper is covered with it. 
This vamisli can be drawn or written 
on, and it does not render the paper 
transparent or spe^tted. 

Textiles. — Without considering 
I the methods by which cloth is water- 
I pro<)fcd with ruhlier, there are several 
j processes in practical use by wliich eloth 
is rendered non-absorbent of water— 
' and for all practical purposes water- 
! proof—without materially affecting its 
i colour or appearance, greatly increasing 
its weight, or rendering it entirely air¬ 
proof. Tliese de{)end mainly upon the 
rt action between two or more sub¬ 
stances, in consequence of which a 
substance insoluble in water is de¬ 
posited in the fibres of the cloth. 

(1) Lowry’s process: 2 oz. soap, 
4 oz. glue, 1 gal. water. Soften the 
; glue in cold water, and dissolve it 
I together with the soap in the water by 
I aid of heat and Station. The cloth 
. is filled with this solution by boiling it 
, in the liquid for several hours, the time 
! required depending upon the kind of 
^ fibre and thickness of the cloth. 

I When properly^ saturated, the excess of 
; liquid is wrung out, the cloth is ex- 
^ posed to the air until nearly diy, then 
I digest for five to twelve hours in the 
I foUomng solution: IS oz. alum^ 15 os. 
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salt, 1 gal. water. It is floallj wrung 
out, rinsed in clean water, and dried 
at a temperature of about 80® F. 
.(27®C.). 

(2) Paut's process requires a small 
quantity of oil, but in other respects 
resembles the last. It is given as fob 
lows : 1 lb. sodium carbonate, ^ lb. 
caustic lime, 2^ pints water. Boil 
together, let it stand to settle, then 
draw off the clear lye, and add to it 
1 lb. tallow, ^ lb. resin, previously 
melted together. Boil and stir occa* 
sionallyfor half an hour, then introduce 
3 oz. glue (previously softened), 3 oz. 
linseed oil, and continue the boiling 
and stirring for another half hour. In 
waterprooffng, ^ oz. of this soap is 
mixed with 1 gal. hot water, and in 
this the goods are soaked for about 
twenty-four hours, according to thick¬ 
ness and character. The pieces are 
allowed to drain until partly dried, 
then soaked for six hours or more in a 
solution prepared as follows: 1 lb. 
aluminium sulphate, ^ lb. lead acetate, 
8 gal. water. Shake together, allow 
to settle, and draw off the clear 
Uquid. Wring out after rinsing, 
and dry at a temperature of 80® F. 
(27® C.). 

(S) Bienvaux uses, instead of glue 
and oil as above, the gelatinous por¬ 
tion of sea-wrack grass, with a small 
quantity of a drying oil and common 
resin-so^ soap. 

(4) In Keimann’s process, the cloth 
is passed slowly by maclunery through 
a tank divid^ into tliree compart¬ 
ments, the first containing a warm 
solution Ox alum, the second a warm 
solution of lead acetate, and the tliird 
pure water, which is constantly re¬ 
newed. The cloth on passing from tlie 
lattec is brushed and beaten to remove 
the adhering to the surface, and 
finally hot-pressed and brushed. In 
this case, le^ sulphate* is deptMited in 
tiss fibres. 

(1^ InTownsei^’s process, two solu- 
'ticffiB ere used as foUows: ik) lb. dex- 
trioe,' 10 lb. ijrhite soap, 16 gal. water. 
Hie solutioD is boiled for some minutes, 
ao^ if colour^ts required, 1 piift log¬ 


wood liquor is added. The second 
eolutioniconsisUi of a saturated solution 
of alum in water, or 6 lb. zinc sulphate, 
9 gal. wateiw 

(6) Bullard's process is somewhat 
similar to Ileimanu’s. In tliis, strong 
aqueous solutions of aluminium sul- 
p^te and lead acetate are used alter¬ 
nately. 

(7) Jkrlin Waterproof Cloth is said 
to be prepared by saturating the cloth 
in a solution of alumifflum and copper 
a(%tate, then dipping it successively in 
watei'-glass and resin-soap. 

(8) A bath heated to 194® F. (90® 
C.) is made of I3| lb. liqyid Bordeaux 
turpentine, 3J lb. tallow, 1 lb. wax, 
and ( lb. storax; the articles are im¬ 
mersed for a few minutes, then passed 
between heated rollers to i-emove ex¬ 
cess. 

(9) Sorde years ago the Belgian War 
Department conducted a series of ex¬ 
periments at Valvorde on the water¬ 
proofing of soldiers' uniforms by means 
of liquid alumina. With respect to 
tiie hygienic side of the question, the 
medical authorities satisfied themselves 
that the articles of dress thus treated 
permit the perspiration to pass off 
freely, and chemical analysis proved 
that the preparation used in no way 
injured the materials, or destroyed 
their colour. More than 10,000 yd. of 
materials, re-dressed two or three t*™* 
over, notwithstanding the rinsing and 
washing to which they had been sub¬ 
jected after having been soiled, andafter 
constant wear, remained perfectly 
waterproof. The only drawback to the 
process appeared to he that it is not 
very economical, and to ensure the de- 
sir^ result must be conducted on a 
large eede, which requires a consider¬ 
able amount of plant. The following 
is the process employed: —Alumina ace¬ 
tate is obtained by making solutions' of 
equal parts of alum and le^ acetate 
in separate vessels, and then mixtag 
them together. Lead sulphate will be 
thrown down, leaving aluiuina acetate 
in solution, which must be decanted. 
The materbls to be waterproofed arg 
soaked iu tlus solution, uid then 
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(irawn without being wrung, and dried 
in the air. • , 

(10) Bellefroid produces au imper* 
meable coating, wliich conBujts firstly 
of a Bolutton of utearine pitch, one 
of the by-products of candle-na-king, 
which pitch, in order to be used in the 
fabrication of the compound, in pre¬ 
viously completely oxidised by expo- 
Bure to the air. In order to complete 
tliis oxidisation, ^ho pitch is spread out 
in veiy thiiT laye; 3, and exposed to the 
outer atmosphere for a period of at 
least two years. Tliis exposure is abso¬ 
lutely necessary, judging from e\]jeri- J 
inents repeatetliy made. The solution 
is afterwards enected in the following 
manner. A mixture consisting of 76 
lb. Bteariuc pitch, 160 lb. water, and 
6 lb, caustic sixla at alxml 36“^ to 

is put into a Isiiler or vessel of any 
suitable sliape, liaving a second or 
double bottom so as to allow of the 
removal of Impurities which will settle 
at the bottom of the vessel. The mix¬ 
ture is boiled for twelve liours over a 
stnmg fire, after which 62 pints water 
are added, and the boiling is continued 
for auotlier twelve Ituurs. The solu¬ 
tion thus obtained is then poured out I 
inanopenveBsel.and left exposed totlie | 
open air for eight days, for the purpose i 
of being clarified, and enabling tiie im- ' 
purities to settle at the bottom. 

(11) Piron lias invented a process for 
fAYining textile fabrics, which renders 
them waterproof, and at the same time, 
it ia said, proof against de«iy, while 
their suppleness is not diminished, and ! 
their weight not appreciably increased. ' 
Arguing from the high state of preser- 
vatiou in wliich the bands wliich sur¬ 
round the heads of Egyptian mummies 
are found to this day, and which are 
impregnated with a kind of resin, 
Piron had recourse to the substance 
extracted from birch bark, and which 
is fiow used to perfume liussia leather. 
When the fine white bark of the birch 
taree ia distilled, it yields a light oil, 
nearly a quarter of which consists of the 
special phenol, or carbolic acid, which 
giyes the well-known odour to Kussia 
leafier. It is now found that tbe 


residue, or green tar of the birch, 
which is. obtained from Kostroma, 
yields neither acid nor alkaloid, and it <■ 
forms, with alcohol, a solution of great 
fluidity, which, liowever, when once 
dried, is unacted upon by alcohol. It 
is this substance, which will unite with 
the most brilliant colours, that is used 
by Piron for treating textile fabrics. 
Notonly does it fill the capillary vessels, 
but it also coats them with a vafnish 
of great elasticity, which is unattackable 
by acids and aea water, while it also 
stands great cliaiiges of temperature. 
The aromatic o<lour of articles thus 
treated drives away insects; there is 
no »j)acc for microscopic vegetation, 
and neither air nor water can penetrate 
into the tis ues. This process is ap- 
phcablo to all vegetable products, such 
as sailcloth, nird^e, blinds, and awu- 
ings. 

(12)&ickcioth orcanvas can bemade 
, as impervious to moisture as leather 
I by steeping it in a decoctiou of 1 lb. 

' uik lurk with M lb. boiling water. 
This quantity is sufficient for 8 yd. of 
stufi'. The cloth lias to soak fur 24 
hours, when it is taken out, passed 
througli running water, and hung up 
to dry. The flax and hemp fibres, iu 
absorbing the tannin, are at the same 
time better fitted to resist wefff. 

(12) Boiled oil, 15 lb.beeswax, 1 lb.; 
ground litharge, 12 lb.; mix, and apply 
with a brush to the article, previously 
stretching against a wall or on a table, 
and well washing and drying each 
article before applying the composi¬ 
tion. 

(14) Invisible V/aierpTOojii\g for 
Clothing ,—Imbue the cloth on the 
wrong side with a solution of isinglass, 
alum, and soap dissolve in water, 
forming au emulsion of a milky th^k- 
ness ; apply with a brush, rubtdng in 
well. When dry, it is brushed on the 
wrong aide againft the grain, and then 
gone over with a brush £pped in water; 
afterwards brushed down smooth. 

(16) Wakrpr^ng (7o/«o.—Calico 
intended for an oilskin overcoat should 
be made up before it is oiled. The 
overcoat should be laid out on a 
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bench, and a coating of best boiled 
linseed oil applied sparingly all over 
with a brush ; the coat is then hung 
in the open-air until the oil is quite 
dry, when it is again treated with oil 
and dried; three or four coats are thus 
applied. As a final coat, a layer of 
bl^k paint thinned with turpentine 
may be put on. Oilskins are also 
made with raw linseed oil, and they 
are more flexible, but they take much 
longer to dry. 

(16) Waterproof Coat. —Isinglass, 
alum, soap, equal parts ; water suffi¬ 
cient. Dissolve each separately, and 
mix the solution, with which imbue 
the cloth on the wrong side. Dry, 
and brush the cloth well, first with a 
dry brush, and afterwards (lightly) 
with a brush dipped in water. 

(17) Waterproofing Paint for Van’ 
covers, Horse-cloths, Capes, Leggings, 
Hats, cfc.—<a) Lampblack, ground 
in turpentine, | lb.; ground black 
reiin, 1 lb.; Brunswick black, S qt.; 
boiled linseed oil, 1 qt. Mix well, 
and when the resin is dissolved strain 
and it is ready for use. {b) Take | lb. 
camphor and 3 lb. garnet shellac, 
crush them and dissolve in gal. 
methylated spirit. Take ^ lb. vege¬ 
table black and 3 oz. Prussian blue, and 
rub these up in a little of the liquid 
mixture first described. When rubbed i 
up to a paste add the rest of the 
liquid, and, when well mixed and 
strained, it is ready for use. Either of 
the above can be put up in 1 lb. tins 
for sale. 

(18) SeavicrCs Oilskins .—The mate¬ 
rial should be fine twilled calico, dipped 
in bullocks’ blood and well dried in a 
current of air, then two or three coats 
of raw linseed oil with a little gold size 
or litharge in it (say 1 oz. to 1 pint of 
oil). Each coat should be allowed to 
dry thoroughly before the next is put 
on (as before in a cuVrent of air, care 
being taken to shelter it from both 
sun and rain). Oilskins made in this 
vray, both here and in 'the tropics, have 
sto^ for years. 

(19) WaUrproofing Linen or Calico 
-*>the manner in which sea-fiShermen 


do coats ap.d leggings.—Whatever the 
article^, let it be stretched on a table. 
Make very thick paint 6f i^atever 
colour is ^islied. An invisible green 
is, perhaps, as good as any. T^e a 
large lump of common brown soap, 
pretty freslfly cut from a bar, in the 
left iiand, and every time you replenish 
the brush with paint rub well on the 
soap, and take up as much as possible, 
and rub well on one surface of the 
calico or linen. It vlll take'long bo do, 
Snd should be hung in the windiest 
plate you can find. Summer is the 
best time, but a month will see it in 
very usable order, and you will have as 
supple and perfectly waterproof a gar¬ 
ment as paint can make. After wearing 
a few times a second coat would be ad¬ 
visable, which will dry in half the time 
of the first, and must be done in the 
same way. 

(20) Pot Canvas .—A solution con¬ 
taining equal parts by weight of gela¬ 
tine and chrome-alum. It is nob 
advisable to mix more of the solution 
at ouce than is sufficient to give the 
canvas one coat, as, if the mixture 
once sets, it cannot be reliquefied like a 
plain solution of gelatine, and hence, 
if the quantity of canvas to be water¬ 
proofed is but small, it would, per¬ 
haps, be preferable to coat with plain 
gelatine solution until quite impervious 
to cold water, and then to thoroughly 
soak, say for 24 hours, in a strong 
solution of chrome-alum. 

(21) SaU’Cloth. —Grind 96 lb. Eng¬ 
lish ochre with boiled oil, and add to 
it 16 lb. black point. Dissolve 1 lb. 
yellow soap in one pail of water on the 
fire, and mix it while hot with the 
paint. Lay tliis composition, withoat 
wetting it, upon the canvas, oe stiff as 
can conveniently be done with the 
brush, BO os to form a smooth suifoce; 
the next day, or the day after (if the 
latter, so much the better), lay on * 
second coat of ochre and t>l^, with « 

I very little, if any, soap; ^ow 
coat a day to dry, and then fin«h tW 
canvas with black paint. 

(22) Troo^ns.—BoU 4} ox. white 
soap in 2^ gal. water, and sepex^e^ 
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dissolve oz. alum in 2} gal. water. 
Heat the t>»f) Bolutioiw to liO®F. 
(88'^C.),»i)a88 the fabric first through 
the soap hath and then thm)ugli the 
alum, and finally dry in the open-air. 

(23) O'd-cIoOi. —The manner of 
making oil-cloth or“oil-8kiu” was at one 
jteriod a mystery. The process is now 
well understood, and is etjually simple 
and useful. Hissolve some good resin 
or lac over tjie ftrc in drying linseed oil, 
till the resin is tnssolved, and tlie oil 
brought *to the thickness of a balsam. 
If this be spread upon canvas, or a\iy 
other linen cloth, so as fully to drench 
jwid entirely tt^glaze it over, the cloth, 
if then suflercil to dry tiioroughly, 
will be quite imjienctrablo to wet of 
every descrijitiou. This varnish may 
either be worked by itself or with some 
colour atlded to it: as verdigris for 
a groen ; umlier for a liair colour; 
white-lead and lampblack for a grey ; 
indigo and white for a light blue, etc. 
To give the colour, you ha^'o only to 
grind it with the l^t coat of varnish 
you lay on. You must 1x9 mu careful as 
possible to lay on tiio vamisii equally 
in all parts. 

(24) A better method, however, of 
preparing oil'Cloth is first to cover the 
cloth or canvas with' a liquid paste, 
made with drying-oil in tlie follow¬ 
ing manner: Take Spanish white or 
pipe-clay which luw l)een completely 
cleaned by washing, and, sifting it from 
all impurities, mix it up with boiled 
oil, to which a drying quality has been 
pven by adding a dose of litharge, one 
quarter the weight of the oil. This 
mixture, being brought to the consist¬ 
ence of thin paste, is spread over the 
cloth or canvas by means of on iron 
spatula, equal in leugtli to tlie breodtli 
ci the cloth. "Whon the first coating 
is dry, a second is applied. The 
unevenness occasioned by the coaiTse- 
l^ess of the ploth or the unequal appli¬ 
cation of the paste ue smoothed down 
with pumice, reduced to powder, and 
rubbf^ over the cloth with a bit of 
soft serge or cork dipped in water. 
When the last coating is dry, the cloth 
must be well washed in watw to clean 


it; and after it is dried, a varnish 
composed of lac <li8Rolvcd in linseed oil 
boil^ with turjieutinc is applied to it, 
and the process is complete. The 
colour of the varnished cloth thus pro¬ 
duced is yellow; but ditftffent tmts 
can be given to it in the manner already 
pointed out. An improved description 
of tliis article, intended for printed 
and figured varnished cloths, is ob¬ 
tained by using a finer paste and clotli 
of a more <lcHcate texture. 

(25) Varniihed SUk .—This material 
is prepared much in the same manner 
os (21), but with a paste comixased of 
linseed oil krilcd with J part of litharge, 
16 parts drie<i and siftra pipe-clay, 3 of 
litharge very finely ground, dried and 
sifted, and 1 of lampblack. After 
washing the silk, fat copal varnish is 
applied instead of that used for oil¬ 
cloth. 

(26) WaterprooJiTig Silk.—Thin may 
be done by applying a solution of 
})aniifin in naphtha. 

(27) Linen,—k solution of alumina 
sulphate in ten times its weight of 
water, and a soap-bath of the follow¬ 
ing composition : 1 oz. light-coloured 
resin and I oz. crystallised soda are 
lx)ilod in 10 oz. water until dissolved. 
The resin-Boap is precipitated with ( oz. 
table salt; and is subsequently dis¬ 
solved along with 1 oz. white curd soap 
in 30 oz. hot water. It should be put 
in wooden tubs for use. On made up 
articles the two solutions can be applied 
with a brush and then rinsed off. 

(28) Parone, of Turin, jatjposes the 
following method of rendering textures 
waterjffoof. Is 14 pints of water 
heated to about 180®F. (82® C.) dis¬ 
solve lOJ lb. gelatine and 21 lb. castor- 
oil soap ; then add 10^ lb. lac, shaking 
the liquid till the lac is completely dis¬ 
solved. Take it off the fire, and add 
to the mixture in small quantities at a 
time 21 lb. powdered alum, shaking it 
till the alum is dissolved. The liquid 
thickens, formir^ an insoluble alumina 
soap which remams closely incorpoiated 
with the gelatine and lac. It is spread 
over the textures with a brush. 

(29) * Cooi^ gives the following 
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recipe for waterproofing, which ap- ; 
pears to have the advantage of having ; 
been tried with success :—“ A simple : 
method of rendering a cloth waterproof ; 
without being airproof, is to spread it I 
on any smooth surface and to rub the j 
wrong aide with a lump of beeswax | 
(perfectly pure and free from grease) j 
until it presente a slight, but even, | 
white or greyish appearance; a hot 
iron is then passed over it, and, the l 
cloth being brushwl whilst warm, the 
process is complete. When this ope- ; 
ration has been skilfully performed a j 
candle may be blown out through the ; 
cloth, if coarse, aud yet a piece of the 
same placed across an inverted hat may 
have several glassfuls of water poured i 
into the hollow formed hy it, without 
any of the liijuid passing through. 
Pr^ure or friction will alone make it 
do so." 

(80) Canvat .—The following is 
highly recommended as a cheap and 
simple process for coating canvas for , 
waggon tops, tents, awnings, etc. It | 
rendera it impermeable to moisture, i 
without making it stiff and likely to 
break. Soft soap is dissolved in hot 
water and a solution of iron sulpliate 
added. The sulphuric acid combines 
with the potash of the soap, and the 
iron oxide is precipitated with the fatty 
acid as insoluble iron soap. This is 
washed and dried and mixed with 
linseed oil. The soap prevents the oil 
from getting hard and cracking, and 
at the 'ame time water has no effect 
on it. 

(31) Waterproofing Oil.—Take 20 oz. 
lard oil, 10 oz. paraffin, 1 oz. beeswax; 
heat the oil over a slow fire, and when 
hot add the paraffin and wax; allow 
the whole to remain over the fira until 
the latter articles are melted, and add 
a few drop of sass^ras oil or other 
eoential oil to preserve it. 

( 32 ) SaUdoih Impe^viwn to Water, 

^ PUatU and Durable, —Grind 6 lb. 
IgT wHah oohre with boiled oil, and add 
I paint, whicli mixture forms 

aaindififerent Hack; 1 oz. yellow soap, 
dissolved by beat in | pint water, is 
mixed while hot with the paint* 


corapositloa is laid upon dry canvas as 
stiff a»can conveniently be done with 
the brush. Two days after, a« second 
coat of ochre and black paint (without 
any soap) is laid on, and, allowing this 
coat time to dry, the canvas is finished 
with a coat of any desired colour. 
After tliree days it does not stick 
together when folded up. This is the 
formula used in the British Navy yards, 
and it has given excellent ipulte. A 
portable Ix^t may be'-’made of canvas 
f)repared in this way, and stretched on 
a skeleton frame. 

(33) Woollen Cloih. —4 oz. pow- 
<lerod alum, 4^ oz. Sifgar of lead, 
dissolved in 3 gal. water, and stirred 
twice a day for two days. When perfect 
subsidence has tak6n place, pour off the 
clear liquid only, and add to it 2 dr. 
isinglass, previously dissolvetl in warm 

I water, taking care to mix thoroughly. 

' Steep the garments iu tliis mixture for 
six hours, after which hang up to drain 
and dry. Wringing must bo avoided. 
This recipe is used by woollen-cloth 
waterproofers. 

(34) Dujardin's process for all kinds 
of textiles is as follows. Place in a 
mortar 12 oz. alumina and potash sul¬ 
phate reduced to powder, and 12 oz. 
lead acetate ; bray till the mixture is 
quite deliquescent. Add 7 oz. pulver¬ 
ised potash bicarbonate, and 7 oz. soda 
sulpliate; bray till completely com¬ 
bined. Pour in 4} oz. cUcined m^- 
nesia, and continue braying while add- 
ing 8| pints water; Pour the whole 
intoa bucket containing 11 g^.,river 
or rain water, which must be fresh. 
Shake the whole until there is complete 
solution, which takes place in 20 
miuutes. Pour the liquid thus ob¬ 
tained into a GODvenieut receptat^ 
holding about 22 gal., in which ham 
been dissolved lb. oleine nap in ll- 

^ gal. rain or river water. Boil for aboQi 
20 minutes. To render, a textttl^^ 
i waterproof, it is then sufficient to I 
. in this liquid either by hand or 
nery until it is perfectly impregflaitod'*. 
' in all ite parte. Care must be taken 
j during the whole operation to stir th« 

I mixture Well, that no deposit^nuiy be 
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formed. The texture is thgii with- 
«irawn, left to drip, and dried. Jt is 
afterwards wflfehed in plenty of water, 
dried, an^ dressed as usual. ,In this 
condition the texture is waterproof, 
but penetmble by air, which is indis- 
pensable for health. Tliis pn«es8 does 
not alter tints at all, but if the mate¬ 
rials have very delicate tints, it is ne¬ 
cessary to take account of the composi¬ 
tion of these coWnra, and compose the 
lath accordingly. /The potash bicarlo- 
nate and soda sulphate must, then be 
siimetimeH replaced by tlie same quan¬ 
tity of salts of iron, copper, zinc, lead, 
or some other n^tallic salt suitable for 
preserving colours. To prepare linen, 
leather, or wckkI, wld .‘IJ oz. margarine 
to the l)ath. Wijcn it is desired to 
prepare cotton or jw-per, it is well to 
add to the Ijath oz. gelatine, and 
oz. light-coloured rosin. After tlmt, 
dry in the open air or at the fire, nrnl 
the products will be perfectly imperrae- 
able, ami resist every kind of washing. 
Paper paste may Ixr even soaked in the 
vat, and thus an imiier'rneable {»por 
obtained, the above pntcess rephming 
the sizing. 

Brickwork.— To exclude damp- 
nees, use the following: J lb. mottled 
soap is dissolved in 1 gall, boiling water, 
and the hot solution spread steadily 
with a flat hrush over the outer sur- 
^e of the brickwork, care being taken 
that it does not lather; this is allowed 
to dry for 24 hour.s, when a solution, 
fortn^ of ^ lb. alum dissolved in 2 
galls, water, is applied in a similar 
manner over the coating of soap. The 
soap and alum form an insoluble vat- 
nigh, which the rain is unable to pene¬ 
trate, and this cause of dampuess is 
thus said to be effectually removed. 
Tits operation should be performed in 
dry, settled weather. 

Another method is to use 8 parte 
linseed oil and 1 part sulphur, heated 
tmtber to 2?8°, in an iron vessel. 

Buildi&ga .—Composition of some 
of the WaUrprooiing Compomdsin Use. 
In the * ‘ Sylvester's process ” a hot Bolu- 
tion of soap, prepaid by dissolving } 
of CaaUle soap in 1 gall, of water 


is first brushed over and into the sur¬ 
face of the concrete, and allowed to 
dry lor 24 hours. At the end of 
that period a second wash, consist¬ 
ing of 2 oz. of alum dissolved in 1 gall, 
of water, is applied in the same manner. 
The alum solution should be at a tem¬ 
perature of from 60® to 70® F. The 
double operation w to be repeated as 
often as necessary or desirable, but 
four such coate are said to be imper¬ 
vious to u head of 45 ft. of water. 

In “ Handbook for Superintendents 
of Construction, etc.,” the following 
cement wash is recommended for mak¬ 
ing a water-tight lining for cisterns: 
A stock solution is prepared of 1 lb. 
“lye,” 5 Ih. ulum Unsolved in 2 qt. 
of w’atcr. One pint of this solution is 
stirred into a pnil of water containing 
I 10 lb. of cement, and the mixture is 
applied to the surface of the concrete 
■ with a brush. 

I Another method is to apply a ren¬ 
dering com{>oRe<l as follows: 

1. Portland cement 1 part, sand 1 
part. 

2. Porthmd cement 1 part, sand 2 
parts, lime paste ^ part. 

8. Portliuui cement 1 part, sand 3 
parts, li!nc paste 1 part. 

4. Portland cement 1 part, sand 6 
parts, lime {)a8te U part. 

! The surface of the rendering, com- 
, posed according to one of the above 
i formulas, is brushed with a solution of 
1 1 lb. “concentrated lye,” 5 lb. alum, 

: and 2 gall, water, iu the i)roportion of 
1 ])int of this solution to 5 lb. of 
cement. 

In princi])lu the above-named 
methods arc alike, and all depend upon 
the precipitation within the suiiace 
pores of the concrete, or outer coat, of 
insoluble alum soap, or hydnte of 
alumina, or lx)th together. The last- 
named example, however, cmtdneB 
to some extent the method of pore- 
filling in bulk with sand and Hmq 
paste. 

In “Plastering*, Plain and Decora¬ 
tive,” Miller recommends painting the 
surface of the work with a hot mixture 
prepared*ly mixing 20 lb. of chopped 
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Buet with 1 bushel of lime, and atirring 
up with boiling water. , 

professor Hatt atates that with a 
mortar oompoaed of 1 part of cement 
to 2^ parts of bituminous ash, when 
alum and soap were mixed with the 
water used for gaging, the strength 
and hardness increased 50 per cent., 
and absorption decreased by the same 
amount. One half of the water used 
for gaging was a 5 per cent, solution of 
ground ^um, and the other lialf was 
a 7 per cent, solution of soap. The 
alum solution was used first. 

Cunningham proceeds on similar 
lines. He uses powdered alum equal 
to 1 per cent, of the combined weight 
of sand and cement. To the water 
used in the mix he adds 1 per cent, of 
jrellow soap. 

Hawley employed a stock solution of 
2 lb. caustic potash, 5 lb. powdereii 
alum, and 10 qt. water. A finishing 
coat was made with 3 qt. of this soiu* 
tion in each batch of mortar contain* 
ing 2 bags of cement. The mortar 
was made with 2 rolumes of sand to 
1 of cement, and the work covered to 
a depth of ^ in. 

Marsh gives the following as a water¬ 
proof coat or rendering: 2 lb. soft 
soap, 12 lb. alum, 30 gall, water per 
cub. yd. of the mortar. Or, 2 lb. 
caustic potash, 5 lb, alum, 10 quarts 
water. Of this solution 3| quarto are 
used for two bags of cement imd twice 
its volume of sand. 

It will be observed that these pro¬ 
cesses again depend upon the precipita¬ 
tion of aluminium soap or hydrated 
oxide of aluminium, the only diSerence 
being that, in these cases, the precipi¬ 
tate is mixed with the mortar instead 
of being deposited at the surface of the 
hardened material. 

Qaines,in a paper recently published, 
states that watertight concrete can be 
made (p by replaang the mixing 
water- with a dilute solution of a suit¬ 
able “electrolyte” (i,e., a 1 per cent, 
or ,2 per cent, solution of alum); (2) 
by replacing 5 percent, to 10 percent, 
of the cement with dried aqd finely 
ground colloidal clay; (3) by combin¬ 


ing methads (1) and (2). With r^ard 
to the second of these*^ processes, the 
action appears to bo sitnply, one of 
pore-filli«g with fine particles of clay, 
iniwmuchas no “electrolyte" is usedj 
and in the other cases it is probable 
that the same kind of action takes 
place by precipitation of alumina, from 
the “electrolytic” solution, by cal¬ 
cium hydroxide, whether the electro¬ 
lytic theory itself be correct or not. 

It may ^ remarl^ thal the use of 
'pulverised clay for this purpose is old. 

*“Lux,” Patent No. 4606 of 1904, 
This material is prepared by pouring 
over 100 kilos, of cemttit clinker (un¬ 
ground) 10 litres of boiling water con¬ 
taining 215 grams of stearine, 12 grams 
of potash (presumably caustic potash, 
although it is not clearly stated), and 
10 grams of colophony (i.e,, common 
resin). 

Gallagher’s Waterproof Compound. 
This material is to bo added to cement 
in the proportion of 2 ]>er cent, to 5 
per cent, on the weight of dry cement 
before mixing with the sand and water. 
Its composition lias been stated to be 
cliiefly lime and magnesia, with about 
3 por cent, of stearine or other &tty 
acid. 

“Pharos” waterproofing compound 
is composed of the following: 

Lime Soap. 

Per cent. 

Free fat (tallow or stearine) 20*22 

Combined fatty anhydrides 14*66 


Combined lime .... 1*67 

Lime.30*46 

Magnesia.21*16 

Hygroscopic water * . . 3*82 

Combined water. . . . 6*77 

Silica.1*17 

Alumina and ferric oxide . 1*18 

Sulphuric anhydride, etc. . 0*62 


100*00 

i 

Cold bituminous dampproof 
such as Horn's Dehydratine, TooVi 
H.I.W., Antihydrine, etc., for uae on 
the int^or surfaces of exposed waBs 
or for exterior of foundations not sub* 
ject to wfvteP’preasure. These aiw 
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made up of specially selected asphalts 
in catbon bisulphide (»^ome 
kindred Jjydmarbon, the proportions 
varying according to the used^ which 
same is to be put. 

Pw^n, or other mineral substancea, 
dissolved in gasolene with the addition 
of resin as a hardening agent, propor* 
tions varying acconling to use. This 
is employed for surface application to 
waUp, otc.^ tlrd are to Ijc rendered 
watertight. Tra^le names: Dehydra- 
tine, Wa^ol, Anhydrol, etc. 

Hydratite, Medusa, Maumee, White- 
liall, Toxement, etc., and ^ilar 
jtowdcrs in v«^ finely diWded state. 
These are metallic stearates to wliich 
are added varying proportions of hy¬ 
drated lime, alum and clay; 2 per 
cent, of the compound is usually added 
to one bag of cement before the addi¬ 
tion of water. 


Weed Killers. 

(1) 1 lb. white arsenic (l^e common 
commercial kind), J pint vitriol, 1 ^1. 
boiling water ; mix. Take one jrat 
of above and mix it in 3 gal. of water, 
and apply with a water-can. Take 
care not to let any go on plants, box- 
edging, etc., as it is as fatal to these as 
to weeds. l>o not walk on the path 
while it is wet, and then walk on grass, 
or the grass will !>e killed where the 
wet poison-laden boots press. The 
alwve is a strong poison, therefore use 
care in keeping it, also in washing out 
the can after use. 

(2) Used by the authoriti« in Paris, 
Stone lime 10 lb., flour of sulphur 

' 1 lb., water 5 gal. Boil in an iron 
vessel, allow it to settle, then, W'hen 
cold, use the clear p^. Thte is de¬ 
structive to box-edging, flowers and 
grass lawn, if it gets on them. 

(3) Arsenic alone, as (1), without 
vitriol, is a weed-killer. To prevent it 
being taken for water it can have soot 
put in it, or a little carbolic acid, or 
creosote oil. Both the latter are weed 
killers. 

(4) ^ pint sulphuric acid (vitriol) to 
six pails of water. Mix acid in slowly. 

(5) 1 part of weak ammoniacal liquor 
to five parte of mter. 

(6) Chloride of lime sprinkled on 
the weeds. 
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Whitewashing and 
Distempering. 

Whitewashing and Lime« 
Whiting.—(1) Thifl is most common¬ 
ly applied to ceilings and walls. If the ! 
ceilmg is new, nothing further is re- \ 
quired than a coat of good Fans white | 
(whiting of a superior kind), with just | 
sufficientglue size added to bind it, pro- I 
vided the finishing plaster is of good^ 
workmanship; but if inferior and very j 
porous, it will require a preparation of | 
strong size, soft soap, and a handful | 
of phuter of Paris. For old ceUings, I 
all the previous whiting, etc., must be I 
thoroughly washed off with an old i 
whitewash brush and hot water, and ' 
allowed to dry before re-whitening. ; 
When this is done, if the ceiling is i 
‘hot*’—i.e., porous, aud soaks in the 
moisture very (juickly—it must be pre¬ 
pared with a mixture of lime, one hand¬ 
ful ; whiting, the same; glue, | lb.; 
soft soap, I lb. ; and if smoky or damp, 
about 2 oz. alum, to make a pail f full. 
When this is dry, it is ready for 
the finish. Use the preparation thin. 
To prepare whitewash properly, the 
whiting should be soaked overnight in 
plenty of water, thoroughly stirred up 
to wash it, and allowed to settle till 
the momit^, when all the water pos¬ 
sible should be drained off. The size 
should likewise be melted the night 
before use, so as to be jellied in the 
morning. It works better when cold. 
About I lb. size is recjuired to 1 gal. 
water, which, with the water taken up 
by the whiting, will make it ready for 
use. Before using, the size and whit¬ 
ing should be In^ken up separately 
•xd strained through a fine rieve; then 
mixed and strained again. Before 
lotting on the whiting, shut all doors 
and w^ows to exdude the draught, : 
take a swe^ right across the room, i 
and continue till finished. If two are I 
ef^giged ftt it, so much the better, as ' 
it requires ^ be done quickly ; be I 
cwef^ to cov^ well, or you will nut | 
make a nice jd>. V^eu finidied, the I 


doors and windows can be opened, as 
the j»ooner it dries effter it is once on 
the more even and solid it \^ill look. 

For ^tenlng and colouring walls, 
great care is required in preparing 
them ; all the old stuff must ^ cleared 
off, well rubbed down with dry lump 
pumice, all holes wdl and evenly 
stopped with plasty of Paris, aud a 
prepmtition of strong size, whiting, 
aud alum, thickly laicCon, of the colour 
you are going to ^nish,* but a little 
darker in sha^e. Wlien this is well 
dry, rub it well down to a good level 
and smootli face with lump pumice or 
coarse sandpaper. T^e finishing coat 
may be made in the same way as for 
the ceilings; but if exposal to the 
liability of being touch^ or rubbed 
against, a little more or stronger size 
is to be used; and if in any way too 
damp, a little ^um. To get any of tl^ 
colours rcijuired, it is merely necessa^ 
to get the dry powders and rub up 
with the whiting, prior to mixing with 
size, adding by degrees till the required 
depth of tone is arrived at. For the 
diffeu’ent shades of drab or stone-colour, 
yellow ochre, umber, black, and red 
are used. For sliades of blue, from 
the French grey to sky blue, ultra¬ 
marine, etc. {^PahUiny for the Mil- 
lion. ’) ^ 

(2) If glue is employed to give body, 
it is destroyed by the borresive action 
of the lime, and in consequence tlie 
latter easily mbs off the walls when 
dry. This is the case also if the lime 
is employed, as is often absurdly re¬ 
commended, simply slaked in water, 
and used without any fixing material. 
Lime-wash is prepared by pladng some 
freshly-burned quicklime in a pe^, and 
pouring on sufficient water to cover it; 
boiled oil (linseed) should then be ini' 
mediately added, in the proportion oj 
1 pint to 1 gal. of the wash. For 
' coarser work, any common refuse fat 
may be used inst^ of t£e bolted 0 >Lj| 
The whole should then be thinned 
water to the required consistency, aor 
applied with a brush. Care shoi^ te 
i^en not to leave the brui^ in.tke 
luue-washfw any length of tone^islt 
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deBtroysihebmtleB. : 

Bussia talloMi is frequently uj»ed m 
preference to any other fatty nmtters. 
(Tegeimicr.) , 

(3) No brick wall that ever is in* 
tended to be painted should be white¬ 
washed. All washes absorb water, and 
in damp weather lose their colour. 
For one barrel of colour wash take J 
bushel white lime, 3 pecks hydraulic 
cement, 10 lb- umber, 10 lb. ochre, 1 
lb. Venetian red, I lb. lampblack. 
Slake t^c lime, cut the lampblack 
with vin^r, mix well together, «dd 
the cement, and fill the ^rrei with 
water. Let it stand for 12 hours be¬ 
fore using, aifd stir frequently while 
putting it on. Tins is not white, but 
of a light atone colour, without the 
unpleaisaiit glare of white. Tlie colour 
may be changed by adding more or less 
of the colours named, or other colours. 
This wash covers well, needing only 
one ct)at. A roi^h boai^ bam washed 
with this will look well for 5 years, 
and even longer, without renewing. 
The cement hardens, but on a rough 
Burfacewillnotscale. (‘Sciont. Amer.’) 

(4) A wash which can be applied to 
lime walls and afterwards become 
waterproof so as to bear washing. 
Besenschek, of Munich, mixes together 
the powder from 3 pai^ silicious rock 
(quartz), 3 parts broken marble and 
sandstone, 2 parts burned porcelain 
clay, with two parts freshly slaked 
lime, still warm. In this way a wash 
is made which forms a silicate if often 
wetted, and becomes after a time al* i 
most like stone. The four constitu¬ 
ents mixed together give tlie ground 
colour to which any pigment tlmt can 
be mod. with lime is added. It is ap¬ 
plied quite thickly to the wall or outer 
surfoce, let dry one day, and the next day 
frequently covered with crater, whicli 
makes it waterproof. This wash can 
be cleansed with water, without losing 
any of its* colour ; on the contrary, 
each time it gets harder, so tlmt it 
can even be brushed, while its porosity 
makes it look soft. The wasli or cal¬ 
cimine can be used for ordinary pur¬ 
pose as well os for the finest paintii^^. 


I A so-called fresco surface can be pre¬ 
pared with it in the dry way, 

(5) Well wash the ceiling by wetting • 
it twice with water, laying on as mu(£ 
as can well be fioat^ on, then rub the 
old colour up with a stumpy brush and 
wipe off with a lai^e sponge. When 
this is done, stop all t^ cracks with 
whiting and plaster of Paris. When 
dry, claircole with tize and a little of 
the whitewash, If very much sttined 
when thisis dry, paint those parts with 
turps, colour, and, if necessary, clair¬ 
cole again. To make the whitewash, 
take 12 lb. whiting (in large balls), 
Weak them up in a |^, mid cover with 
irater to soak. During this time melt 
over a tiow fire 4 lb. common sk^, and 
at the same time, with a |wlette knife 
or small trowel, rub up fine about a 
dessert-spoonful of blue-black with 
water to a fine paste; then pour the 
wateroffthe topof the whitii^, and with 
a stick stir in the black; when well 
mixed, stir in the melted size and 
strmn. Wlien cold it is fit for use. If 
the jelly is too still* for use, beat it well 
up and add a little cold miter. Om- 
mence whitewashing ovm'the window, 
and so work from the light; lay off 
the work into that done, and not all 
in one direettion, as in painting. Dis¬ 
temper colour of any tint may be made 
by using any other colour instead of 
the blue-black — as ochre, chrome, 
Dutch pink, raw sienna for yellows 
and buff; Venetian red, burnt sienna, 
Indian r^, or purj^o-l^wn for reds; 

I celestial blue, ultramarine, ind^, for 
blu^ ; red and blue for purpk, grey, 
or lavender; red-lead and chrome for 
orange; Brunswick green for greens, 
(Smither.) 

(6) ^‘doz. balls of whiting, 2 lb. size, 
and 1 oz. celestial or ultramarine blue; 
this will cover about 12 sq. yd. Mix¬ 
ing : Take the whitii^ and break up 
in just enough •water that vou can 
work it about in a bucket with a stout 
stick. Next take a saucepan, about 
8 qt., and put \ junt of water in and 
boil; take off the fire, and drop your 
size into it, and let it stand upon the 
hob until melted. When t^erably 
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wurm, pour into your whiting, being 
carefiil to keep stirring it. Mix up 
your blue with a flat stick upon a slate 
or board, and add until it b^mes of 
the shade required. 

Lime tluit will produce a fast lime* 
wash is burnt in the bottom of brick 
kilns, the bricks upon the' top, and 
fired with heath, fir loppings, coal, i 
wood, ferns, and gorse. The sand 
from the bricks, the chalk, and the 
potash from the wood combined, 
cover the chalk or lime with a sili¬ 
cate soluble in water. To use this, 
get it fresh burnt, break it up, and 
pour boiling water upon it; it sub¬ 
sides into a beautiful cream-like con¬ 
sistence. This, owing to the soluble 
silicate in it, must be made and used 
fresh. It is fast, and frequently pre- 
vente a glazed surface, and, if not put 
on too t^ck, is very durable. A peck 
of lime will do about 20 sq. yd. 

(7) Lime is always apt to turn abad 
colour. The way to whiievmK a ceil¬ 
ing is to first thoroi^hly wash with 
dean water—notone p^, which sp^- 
ily gets dirty, but with several, ^en 
s^p balls of whiting in water, and 
the next day reduce them to a thick 
cream. Put a kettle on the fire, with 
sufficient size, and when hot pour it on 
the whiting, adding at the same time 
some finely-ground blue-black. The 
proportions are, say, 6 balls whiting, 

2 lb. size, and ^ to 1 oz. of blue-black, 
a(MM}rding to taste. The mixture must 
be (dlowed to cool before using. To 
Umeumhj clean first, and then proceed 
to m^eupthefoUowing: Take| bualiel 
lime, imd slake it ; add 1 lb. common 
salt, 1 lb. white vitriol, and 1 gal. 
skim milk. WHh a clean surface this 
will not shell off, neither will iimewash 
and size, when properly prepared and 
Imd on a clean surface. 

(8) Recommended by' the United 
States Treasury Department to aU the 
lighthouse keepers; it answers for 
wood, brick, or stone : Slake about | 
baihelunslaked lime with boiling water, 
ke0{MDg ^<covered during the proce«). 
Strain it, and add 1 peck salt dissolved 
in warm water, 3 lb. ground rice put 


in boilinft water and boiled to a thin 
past^ I lb. powder^ Spanish whiting, 
and 1 lb. clear glue dissolved in warm 
water; ipix these well toge^er, and 
let the mixture stand for several days. 
Keep the w^h thus prepared in a 
kettle or portable furnace, and when 
used put it on as hot as poraible with 
! either punters’ or whitewash brushes. 

(9) Having prepared the ceilings, 
scraped them, washed them, or re¬ 
moved the blisters ahd ine(|aalitie8, use 
l5ny of the fullowii^, according to the 
kind of job operated on: (a) Well- 
selected pieces of quicklime, free from 
theappearuice of iron(a*'oid redstreak- 
ed) ; slake with water \ when all have 
Mien to powder, mix to proper con¬ 
sistency, and apply with a stof^ brush, 
about 6 in. bix^; tliis is suitable for 
common purpose, {h) Common whit¬ 
ing, washed whiting, Paris whiting (or 
gilders’ white), tnix^ with water and 
a little size (strong glue boiled down); 
these are suitable for all parts of a 
house, from the kitchen to the drawing 
room, (c) For a superior job, uid 
where there is much gas burnt, use 
white oxide of zinc in water, uid a 
little size; this will keep beautifully 
white a very long time, but is dear. 
In some cases it is desirable to first 
paper the ceiling with ceiling-paper 
before wliitewashing. Considerable 
practice is necessary to lay on the wash 
quite even. Be cureful not to leave 
clouds or tuls where the brush leaves 
the surface after the stroke, and above 
all see that the ceiling is not dusty. 
(Kemp.) 

Distempering.—There are com- 
puarively few pamtera who are thor¬ 
ough masters of the apparently simple 
process of distemp^ng. It depends 
upon BO many conditions that it is 
often very difficult indeed for riie most 
experienced workman either to satisfy 
himself or his employers. And when 
failure does result, it is n<A always that 
the cause can be readily defined amd * 
remedy applied. Thu may be, and 
probably is, due in a great measure to 
awant of chemical knowledge, by whieffi 
alone the ‘‘why” and tho wheraforo " 
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ai% elucidated. But whatever may be 
the cause, cer^in it is that ):«intmg in 
distemper colours is not always^tis- 
f^tory. * But when skilfully executed, 
dbtemper work is much lifter and 
purer in tone than painting in oil 
colours. The whiten^s, for instance, 
of distemper work is purer than the 
whiteness of oil colour, and any tint 
that the disteiii|)er may be m^e to 
partake of, will, acconliugly, as com¬ 
pared with«tho qprrcK]>on(ling tint in 
oil, be fairer also. It will, however, 
1)6 obvious that distempering, what¬ 
ever may lie its advants^s in this re- 
8f>ect, is not suitable foruseoninterior 
walls which a)% liable to suffer from 
(tontuct, or w Inch are subject to rough 
usage. In these cas^ flatting is 
absolutely essential, unless, indeed, 
the more prevalent practice of cover¬ 
ing the walls with f)aperhaugiugs is 
adopted. 

It bis been truthfully observed by a 
WTiter on this subject tliat the pre¬ 
paration of ceilings and walls for the 
finishing of distemper is of vital im¬ 
portance to the ultimate result, inas¬ 
much as if they are not prof)erly pre¬ 
pared they wdll rarely turn out well at 
the finish. The first thing is to stop 
tlie suction, for except the fiuishing 
colour lays on cool, and witliout any or 
very little suction, the work is apt to 
be more or less rough, and will gather 
or accumulate more colour in one part 
than in another, and consetfuently will 
look shady. And here we may note a 
fact which shows the necesutyfor the 
use of a preparation. It will almost 
invariably be found that one part of a 
wall or ceiling will have a greater power 
of absorbing colours tlian another part. 
It will be observed, as with a first coat 
of paint, that some parts are glossy 
and others dry dead—tliat is, the paint 
has sunk into or been absorbed on the 
dead parta, while on the glossy part it 
remained on the surface, ovfing to the 
unequal finish of the plaster work. Of 
course, in oil painting this is remedied 
by successive coats of p^t. It there¬ 
fore oecomes necessary that means be 
adopted to stop this ^wer of absorp¬ 


tion when distempeiing, and for this 
purpose various pief^rations are used. 

following lias been recommended ^ 
as a suitable preparatory coat, and will 
be found to answer the purpose very 
effectually: ‘ ‘ Mix abouta dozen poun<b 
of the best whitit^ with water to the 
consistency of soft paste; add sufficient 
parchment or other size to' bind the 
colour fast; add about 2 oz. of idum, 
and the same weight of soft soap dis¬ 
solved in w'ater; mix well together in 
a pail and strain through a coarse cloth 
or metal strainer." 0^ course, some¬ 
what similar proportions will answer 
for any quantity. Tlie colour should 
now be tried on paper, and dried before 
a fire or otherwise, in order to test 
whether sufficient size has been used to 
“ bind ” the colour, and to prove that 
the tint is exactly what is required. 
The finishing coat cm belaid on with¬ 
out disturbing the first one. The alum 
and soft soap contribute to this effect 
in a great degree, and help to form a 
semi-imjiervious coating upon whitdi 
tiie finisbing coat will work cool and 
without suction. Caution must be 
observed not to have the size too strong, 
or it will be veiy liable to chip, especi¬ 
ally in rooms where much gas is used. 

Wo quote the following from the pen 
of “ An Experienced Workman,” and 
have to observe that the directions 
given are thoroughly trustworthy: 

In order to produce good work, two 
things are nec^aary in the mixing of 
distemper—namely, clean and well 
washed whiting and pure jellied size. 
The wUting should be put to soak with 
sufficient soft water to cover it wdl 
and penetrate its bulk. When the 
whitingis sufficiently soaked, the water 
should be poured off, which will remove 
any dust or foreign matter from, the 
whiting. It should then be beaten up 
or stirred until all the lum{» ore 
broken, and it becomes a stiff, smooth, 
paste. A good workman will do this 
carefully with his hand, and will mani¬ 
pulate it until it is quite smooth, but 
It may be done mc»t effectually with a 
broadBtickorBpatula,wd then strained 
through} a metal or other stoainer. 
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The si^e should now be added, and the I it throu/^h a coarse cloth. If the size 


two lightly but effectually mixed to¬ 
gether. (^re should be taken not to 
break the jelly of the size any more 
than can be avohled, and this may be 
best done by gently stirring the mix¬ 
ture with the liand. If the jellied 
state is i:etained intact, the colour will 
work cool and lay on smooth and level. 
Then size, whether made of parchment 
chippings, glue or any other material, 
should dissolved in sufficient quan¬ 
tity of water to form a weak jelly when 
cold. In practice, we find tlmt dis¬ 
temper mixed with jellied size will lay 
on letter ami make a better job tlian 
when the size is used hot. Colour 
mixed on the former plan w'orks cool 
tuid floats* nicely, while the latter works 
diy and drags and gathers, thus mak¬ 
ing a rough ceilii^^ or wall, and the 
diflference in the lal^ur requii^ is veiy 
much in favour of the jellied size. A 
little alum added to the distemper has 
a good effect in hardening, and helps it 
to dry out solid and even.” 

It is customary in some cases to give 
the ceiling or w^l a couple of coato of 
oil paint previous to the application of 
the distemper. This stops the suction 
and gives a richness to the colouring; 
but if, as frequently happens, the 
gets low in temperature during a con¬ 
tinuance of cold weather, when a 
change takes place the condensation » 
so great that the water runs down in 
streams to the top of the skirting, and 
the colouring matter thereby becomes 
st^ed. 

The followii^ hints for mixing vari¬ 
ous colourein distemper, etc., by which, 
at least, a theoretical knowlec^ of the 
subject can be acquired, will greatly 
facilitate progress in mastering the 
prectical details. 

The beat size for distemper colours 
is made from {»rchment clippings. 
These are put in ai» iron kettle filled 
witii water, and are allowed to stand 
^4 hours, until the pieces are 
thcvoug^y soaked ;• then boil for 5 
hdurs, occaaohally taking off the 
scum. Whien the liquid ui sufficiently 
bpn.ed, take It from the fire and strain 


is tQ be kept a length ef time, dissolve 
3 or 4 oz. of alum in^'hoiling water 
and add to every pailful. * The size 
must be boiled again till it becomes 
very strong. 11 must then*be stnuned 
a second time, put into a cool place, 

I and it will keep for several weeks. 
Different kinds of size are sold at the 
colour shops, some of which are ex- 
ceediugly pure and may be depended 
upon for general phrposeA 
' Pink. —Dissolve in water Beparately 

whiting and rose pink. Mix them to 
the tint required, strain the colour 
; through a strainer, and bind with size, 
i LUac. —^Take a small quantity of 

indigo, finely ground in water, and 
' mix it with wluting till it produces a 
^ dark grey ; then add to the mixture 
i some rose pink. Well mix and strain 
; the colour, and a beautiful lilac will 
i result. 

1 Light Grey. —A small quantity of 
lampblack mixed with whiting com¬ 
poses a grey. A wide range of sliades 
may be obtained, from the darkest to 
the lightest grey. 

Pr^h Take the quantity 

of whiting required and ao^ it in 
water, then add Prussian blue and lake 
which have been finely ground in water. 
The quantity of each of those colours 
should, of course, be proportioned to 
the wcumth of the tint required. This 
is a handsome and delicate colour for 
walls. Rose pink may be substituted 
for the lake, but it does not make so 
brilliant a colour—neither is it so per¬ 
manent. 

Orange, —This is a mixture of whi¬ 
ting, Dutch pink and orange leads. 
These ingredients may be proportioned 
I accordii^ to taste. This colour cannot 
I be work^ except in a size jelly, as the 
I orange 1^ is a colour which hu great 
' density, and will sink to the bottom, 
separating from the other coloun. 

A good buffma^ be p^uoa^ 
by di^lving separately whiting aai 
yellow ochre in water. A little 
Venetian red should be added to ght 
a warm cast. Mix with size, and itmhi 
as before directed. 
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Drab. — (1 )• Dissolve whiting in 
water, and gi-ind some burnt umber 
very fin^ in water. Mix to^the tint 
required. lUw umber will make a 
drab of a ditferent shade. (2) l>i8Holve 
separately some whiting and yellow 
ochre in water. Take a quantity of 
each and mix them together. Glriud 
a little lampblack very fine, and with 
it sufficiently stain the colour to make 
the tint re<jliire<lV (3) Another sluule 
may be •obtained by adding a little 
Venetian red. By diversifying the 
pi-oportions of these pigments a gretit ! 
variety of coloui’S may be pnuluccd. ' 
Tliese are all ij^rimment colours, and 
may be depended ujKin. 

—Anexccllentsjdmon colour 
may be mjwle ly dissolving w luting in 
water, and tingeing it with the beat 
English Venetian i-ed. A little Vene¬ 
tian red ini.xed with Hnie whitewash 
and a <iuantity of alum, will answer 
very well for common purposes. 

Layintf mi DlHtcmpcr Colours .— 
With i*<^artl to ibis, it may be ac¬ 
cepted as a fact tliat the sooner they 
dry after they arc laid on the better. 
The liest plan is to close the windows 
and doors and stop the free circulation 
of the air as much as [Kissible while the 
distemper colour is being laid on. 
This prevents it drying too (juickly, 
and enables the workman to lay the 
colour on more evenly and wdlh less 
danger of showing any piecings; but 
the moment the wall or ceiling is 
covered, the windows and doors should 
be thrown wide open and as much fresh 
air admitted as |X)ssible. Tiiis free 
circulation of air absorbs and canity 
off the moisture from the walls. The 
evaporation is quick, and a good job 
results. If the distemper does !iot dry 
quickly it becomes slightly discoloured 
and shulcd. One great point to be 
aimed at is, of course, a level and uni¬ 
form surface Vhen diy, and this desir* 
able result can only be obtained by the 
colour being laid on of a proper consist¬ 
ency, and with every attention to 
quality.. , 

To whiten walls, scrape off all the 
old whitewash, and wash the walls 


with a solution of 2 oz. of white vitriol 
to 4 gal. of water. Soak J lb. of * 
white glue in waterier 12 liours, strain 
and place in a tin pail; cover with 
fresh water, and set the i«il in a kettle 
of boiling water. When melted, stir 
in the glue, 8 lb. of whiting, and water 
enough to make it as thick as common 
whitewash. Apply evenly with a good 
brush, if the walls are very yellow, 
blue the water slightly by squeezing 
in it a flannel blue-bs^. 

Soft and pleasing ornament may be 
executed upon distemper grounds by 
using Hueli transparent W’ater pigments 
as the siennas, indigo blue, umber, 
Italian and rose pink, in the form of 
washes or glazes. Beat up the white of 
an e^ and dilute with au eijual (juan* 
tity of water; this will make an excel¬ 
lent medium for any water pigment. 
After the design is stencilled make 
a dark brown outline colour, from Van¬ 
dyke brown afid miulder lake, for 
instauoe, using the egg vehicle still, 
and w ith this ))cncil up the ornament 
or outline it as may be necessaiy. 

Fur wall colours, greys, greenish 
grey, or <lecp reds are suitable. Mr. 
W. Morris, in a list of wall colours, 
recommended a solid red, not very deep, 
but rather describable as a full pink, 
and toned with yellow and blue; a 
light orange pink to be used sparingly ; 
a pale golden tint (yellowish brown), 
a very difficult colour to hit; a pale 
copper colour between these two; tints 
of green, from pure and pale to deepish 
and grey, always remembering that 
the purer the paler, and the deeper 
the greyer. These are all tried and 
artistic colours. Perhaps a terra-cotta 
red or pink is one of the most useful 
colours for halls and the dados of 
dining-rooms and staircases, where 
there is plenty of light. 'Rnts of 
grey, fi-om bluish^ to greenish tones, 
are suitable, and a salmon colour is 
effective in a room full of cold light. 

(‘ Master PainierV) 

When ceilings are badly stained and 
discoloured from the accidented over¬ 
flow of cittems, water closets, etc., the 
only effectual way of treating-them is 
2 l2 
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to wash ihetn oflT with clean water and 
t give two coats of oil paint before the 
distemper, is applied. Other processes 
are adopted, but as they cannot be 
depend^ upon, it is much better in 
the first instance to incur a little extra 
expense and paint the discoloured ceil¬ 
ing in oil colours. (‘ Tht Weitem 
Painter.') 

Stained ceilings, caused by water 
having soaked through them, may be 
remedied by a simple plan. Take un-« 
slaked white lime, dilute with alcohol, 
and paint the spots with it. When 
the spots are dry, which will be soon, 
as the alcohol evaporates and the lime 
forms a sort of insulating layer, one 
can proceed painting with size colour, 
and the spots will not show through 
again. 

Glycerine in distemper colours fits 
them for working on metal. A little 
glycerine added to distemper will re¬ 
tard its drying, and this is very useful 
in hot weather. Before attempting to 
apply distemper colours, the ground 
upon which you arc to woik should be 
perfectly clean. Colours for tinting 
should put on wum : 1 oz. of glue 
and I lb. of dry colour give a mixture 
that will hold well. 

Distemper painting when dry always 1 
comes out much lighter tlian when first j 
applied. This fact must be borne in I 
mind when one is matching colours. 

When it is desired to match the 
colours of \^l-paper in distemper 
coloura, in order to get a perfect nmteh 
it is well to wet the ;nper and to match 
it while in that condition. Of course, 
both paper and colour will %hten up 
considerably on drying. 

Gloss in white ceUings should be 
avoided. It can be obtmned by tuiing 
an excess of uze, but the wash so pre¬ 
pared is very liable to crack and peel off. 

Many new ceilings ^ whitened 
before tlmy are dry, with the result! 
tbat they have a smeary appearance 
'when Ao^bed. If * there is any sign 
ol moisture on a ceiling, it is not in a 
propw condition to be whitened. We 
have seen a good mottled effect pro- 
^ duced on a frieze, to which had l^n 


given a l5>dy of rich yel|pw, gold bronze, 
witfi decoration in water-colour of 
mingled purples put on with a coarse 
sponge foiled over tlie surface. 

Among the colours upon which lime 
has no effect, and which may there¬ 
fore be employed with safety for water- 
coloured ceilings, walls, etc., are 
siennas and umb^, Vandyke brown, 
ivory black, Naples yellow, French 
ultramarine, and (^linese vermilion. 

For church walls a rough floated 
^ir&ce is best for distemp^. Btip- 
pling the wall surface is a methi^. 
sometimes used for fine work, ly 
treating the wtUIs with the butt of the 
bristles. A solid effect is obtained by 
tlie process if a .full coat of colour ie 
given first. 

Kalsomiuing a wlute wall is one 
thing, and tinting a wall is quite an¬ 
other. One may patch up the defects 
in the wall as he goes along with plaster 
of Paris or thick kalsomine, in the firet 
instance, but in tinting in colours the 
wall must be prepared and thoroughly 
dry before tinting is applied. 

When hard-finished walls have been 
kalsomined, the soiled coats should be 
washed or scraped off before a new one 
is put on. This is the moet dis^ree- 
able part of the process. The furni¬ 
ture should be covered, as the lime 
makes spots that are removed with 
difficulty, especUlly on black tt^lnut. 

When a ceiling is simply tinted, the 
tint should be one that softens into 
the wall-paper or wall colour—not one 
that conUasts. Thus, if the tone of 
the room is that of a soft grey-blue, 
the ceiling should be of a clear flesh, 
pink; or should a grey-green be picked 
out with black—a lemon colour will be 
appropriate for the ceiling. 

A distemper medium, desoibed ty 
Le Coudren, consists of soft 
57 oz.; mucilage, 1 gal.; oilt^ 
bane, | pint; s^icylic aaid, 8 oz. f 
cerine, 8 pints ; water, 1 to 2 
mixed rold and flowed to stand 
days, then run through mill. 

, colours—about lb. to thejant-^ 
|*»3d6d at will and inoonxxrated bif 

I r^^ding. 
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A patch or luile, freshly illed and 
tinted, will alvt^ayscCine out a brighter 
shade th#n the balance of the wall. 
If you colour your filling ma^r with 
the same stuff you are tinting with, it 
wilLtum out dwker, A patch put on 
with more lime than is contained in 
the balance of the wall will turn out 
dark^ It is atlvisable to size the 
first with \inegar, the latter with glue. 
Black, grea^, or smoked walls should 
be cleaned witli ac'stiff brush and sized 
with an* alkali like pearlinc, Sal- 
soda is too severe on a brush. * 
DUtemper (Water Colour) 
Paints, or ^Colour Washes.— 
The basis of distem|>er |)aints is well 
)«W!hed whiting and suitably prepared 
size, as is descrilwd later. The follow¬ 
ing are colouring mixtures only. 

Prewrh Qrq /.—Use a little J^ssian 
blue for a blue tint, or a little lake for 
a warm tint, or tlie two may be used 
togetlier. 

Luihl (trey. —A small quantity of 
lampblack a!\d Prussian blue. 

fvi/ac. — Indigo, finely ground in 
water. Add this to the wliiting until 
it is a dark grey, then add sufficient 
rose pink. 

Pink. —Rose pink. 

-Sa-Jjjwn.—Venetian red (ground in 
water). 

Terra-Cotta. —Venetian red and a 
little ochre. 

Straw. 1 - Clirome yellow or Dutch 
pink. 

Buff. —French yellow and Venetian 
red. 

Oranflir.—Qreen copperas dissolved 
in hot water. 

Privinm. — Lemon chrome or 
chrome yellow. 

Careen.—Ureen verditer and mineral 
green. 

. Oi«Ty-iooo(i.—Burnt siennaand raw 
sienna. 

Brick J?e4.~Venetian red and yel¬ 
low ochre. 

Washable Distempers*— For 
Interior Usk.—( l) 3o lb. plaster of 
Paris, ^ lb. dextrin, 2 lb. casein, 
2^ [lb. gum arabic, } lb. borax. IHs- 
solve the casein, dextrin and gum in 


boiling water, and add the borax. 
This should be allowed to stand a day 
or two, when it will appear like a thii^* 
size. It is now a stock material ready 
for use, and can have keeping qualitieB 
given it by adding, with the borax, an 
ounce of carbolic acid. When required 
fur use take a suitable quantity, add 
plaster of Paris and l>omng watw to 
the suitable consistency. Colouring 
Quitter may l)e added as required. 

(2) 6 lb. plaster of Paris, 2 lb. 
slaked liinc, 1 Ih. riuc-wliite, | lb. pale 
glue size, | lb. gum arabic, Jlli. alum, 

\ lb. Iwrax. One pint of iKuling water 
to each pound of dry sifted mixed ma¬ 
terial. When cool add cold water as 
required. The zinc-wliite is what may 
be termed the colouring material, and 
may Ije replaced with any other colour¬ 
ing ingredient that will withstand lime. 
These are Venetian re»l, Indian red, 
red oxide, madder, burnt sienna, ver¬ 
milion, yellow ochre, zinc clux)me 
yellow, ultramarine, lime blue, emerald, 
lime green, raw umW, burnt umber, 
Vandyke brown. 

(3) lb. whiting, 5 lb. white china 
clay, ^ lb. casein, 10 lb. silicate of 
Bo<la. Mix with water. 

Dry WitshnWe DkicMpcr. —(1) 20 
lb. Paris white, 6 lb. plaster of Paris, 

6 lb. zinc-white, 6 oz. borax, 3 oz. alum, 
lb. palest dextrin, \ Ib, gum oralnc. 
Powder and sift the gum, alum and 
Paris white, then mix the whole and 
sift finely. Tliis can be stocked in 
powdered form and any dry colour 
added (see preceding recipe) as re¬ 
quired. For use add 1 pint boiling 
water to 1 lb. of powder. When dis¬ 
solved and cool ^d more cold water 
as required. For brown or dark tinted 
distem{)era the dextrin need not be of 
the pale quality, which is dearer than 
the brown. 

(2) 28 lb. of whiting, 28 lb. of 
Paris white, 28 H>. slak^ lime, 4 lb. 
casein, 4 lb. glue, 5 lb. alum, 8 lb, 
silicate of soda. -Tint as tdre^y de-*^ 
scribed. Mix \rtth water. ' 

For Extekiob Use.— (1) IJ cwt. 
plaster of Paris, 10 lb. casein, 21b. 
trin, 8 fb. gum arabic^ 2 lb, siUoate of 
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soda, 7 lb. slaked lime, 2 lb. borax, 2 oz. 
carbolic acid. DiB.so1ve the gum, casein 
and dextrin in boiling water, add the 
borax and carbolic acid; then, when 
required for use, add the plaster of 
Paris and cold water, and anjcolouring 
ingredient retjuired. 

(2) 40 lb. lime slaked to a cream 
and strained, 25 lb. whiting, 2 gal. 
limeed’Oil, 2 lb. alum, 8 lb. glue dis¬ 
solved to a rize. Mix with water. 

(3) 40 lb. lime slaked to a cream, 
20 lb. whiting, 20 lb. Paris white, 
2 gal. linseed-oil, 4 gal. skimmed or 
separated milk, 2 lb. alum, 8 lb. glue 
dissolved to a size. Tint as required, 
as already explained. 

(4) Put in a tub or barrel 1 bushel 
of quicklime and slake by pouring 
boilii^ water over it and r^uciug it 
to a cream by stirring. Afterwards 
add 4 lb. sulphate of zinc, 2 lb. common 
salt p^viously dissolved in water, and 
2 lb. powder^ alum. 

Limewash. For Ccilhup .— 
About 7 lb. of best whiting should 
be broken small and be allowed to 
stand in a clean pail, covered with 
water, for | hour. Prepare a i)int of 
starch (as used for linen), also lialf a 
cupof dissolved soft soap (about 1 oz.), 
and mix with the starch. Add this 
and water to the whiting to make all 
of the consistency of cream, and then 
add just sidficient blue to give a briglit- 
ness to the white. Strain and let 
stand for 6 or 8 hours. See that 
the ceiling is quite clean and use 
good brushes. 

For Common the .—Slake quicklime 
and stir to a cream. Dissolve alum 
in boiling water and add to the lime. 
About 1 lb. of alum is required to a 
large pailful of lime cream. Two thin 
coats make a very lasting surface. 

Good Lmevmk. — 1 bushel fresh 
quicklime. SU^e with boiling water, 
putting a sack over t4ie tub to retain 
Uie steam. Dissolve 14 lb. cunimon 
salt in water; boil 14 lb. rice to a 
paste anef^tir these in*as hot as puHsi- 
pie. Add 1 lb. Spanish whiting in 
powder and 2 lb. glue dissolved to a 
size. Add more l^iling wate? as re¬ 


quired. ^his should be strained and 
allowed to stand a dayor two. It is 
then best applied hot. * 

Prepare the*wall by 
going over it with a mixture of 2 lb. 
of liard soap, 4 lb. powdered alum and 
2 lb. glue dissolved in a gallon of boil¬ 
ing water. (The glue should be pre¬ 
viously well soaked.) To this may be 
added wdd w'ater to thin it if reciuu^. 
Make tlic kalsoniine by dissolving ^ lb. 
|>alo glue ill IjoilingHvaterJ 1 lb. pow- 
>lered alum ami 12 lb. Paris white, 
mkiccl with water to a good paste. 
Mix these and try a small ixirtion to 
see if it binds jimperly; if not, add 
moie glue. If tints are required, add 
distemper colours to the Paris white. 
Thin to required Consistency with cold 
water. 

lirilfiatU Stucco Whitewash for Out¬ 
side TForil', HWf, Brick, or Stucco ,— 
Take 1 bushel of quicklime and slake 
it with boiling water, covering it during 
the process. Strain the liquor through 
hne sieve or strainer, and add to it 
^ bushel clean salt dissolved in wrn'm 
water, 6 lb. ground rice, ground well 
to a thin paste, stirred boiling hot, 1 lb. 
powdered Spanisli whiting, and 2 lb. 
clean glue, dissolved in hot water. 
Add 10 gal. hot water to the whole 
mixture ; stir up well, and let it stand 
a few days, covered from <lirt. It 
should be jmt on quite hot; for this 
purjKwe it may be kepi in a kettle, on 
a portable furnace. About 1 pint will 
cover 1 sq. yd. 

Lime Painta.— (a) For deal floors, 
wood, stone, and brick work. Dissolve 
15 dr. good glue by boiling with thick- 
ish milk of lime which contains 1 lb. 

' caustic lime. Then add linseed-c^i 
I just sufficient to form a soap with the 
) lime. This mixture can be used taf 
making up any colour which is not 
altered by lime. A solution of shellac 
' in borax can \ye added for brown-red 
or brown-yellow colours, and is 
suitable in painting deal floors. Wita 
I a coating of vardish or lake, tiie sub-,* 
I sbuices thus painted at»ume a fine 
I lustre. They can be polished wi^ 

' linseed-oil or turpentine. 
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(6) A lime piUDt which will bear 
washing. 3 p^rts flint, 3 marble fo¬ 
ments aiida^udstone, 2 calcined white 
china-clay, and 2 slaked lime; aU in 
powder, furnish a paint to which 
chosen colours, that may be employed 
with lime, are added. This paint, by 
repeated applications, becomes as hard 
as stone, without losing porosity. 

When the surface to be 
painted is of ^ i)iliie|al nature, such as 
the exterior of a Ifbuse, the pigments 
may be iinxed with a vehicle consist¬ 
ing chiefly of water-glass, or sodd 
or potash silicate. This method of 
punting require^) sonic care, and a 
knowledge of the chemical nature of 
the pigments used. Some colours are 
completely destroyed by the alkali 
contained in the water-glass. Among 
those pigmentswhich are not altered by 
the alkali may be mentioned lime car¬ 
bonate, laryU-white, zinc-wliitc, cad¬ 
mium-yellow, Naples-yellow, baryta 
chromate, chrome-red, red ultramarine, 
blue ultramarine, cobalt-blue, colialt- 
green, chrome • green, ivory-black. 
When a wall is to be punted, it should 
first lie [irepared with a mortar com¬ 
pelled of pure fat lime and clean sharp 
sand. The water used should also 1)C 
free from saline impurities, as those 
might subsequently ciflorcsce aiul de¬ 
stroy the surface of the pajnt. • "Wnicn 
the surface of tliis plaster is dry, a 
weak solution of water-glass should be 
applied, and the operation repeated 
several times. A strong solution can¬ 
not be used, because it forms a thin 
skin on the surface of the plaster, 
which closes the pores, and prevents 
the penetration of the water-glass. 
The laments are rubbed down with a 
very weak solution of water-glass, and 
applied in the ordinary manner. When 
thoroughly dry, the painted surface is 
treated with a warm solution of potash 
silicate applied in the form of a spray. 
Soda silicate may also be used, but the 
soda carbonate which is then formed 
is.liable to cause efflorescence, A pig¬ 
ment fixed on the surface of a w^ 
in thu manner is as durabte as the 
vrall itself, and can be exposed to the 


weather without any fear of deteriora¬ 
tion. 

Steatite In theUnited States 

this is made from a native* hydrated 
mt^esia silicate, and is applied to 
ships’ lH>ttoms, to walls for preventing 
dampness, and to roofs for making 
them fireproof. 

i Whiting. — Spanish white and 
Paris white are practically the same 
articleindifTercntdegreesof fineness,ail 
being simply chalk, ground, elutriated, 
billed, aixl dried. Grinding millsbreak 
U}> tlie clialk and mix it with water, 
which is constantly flowing in. On 
leaving the mills the mixture passes 
along a series of wooden trouglis, where 
the sand, which has a greater specific 
gravity than the chalk, is deposited, 

I tlie chalk passing on into the settli^- 
pits. On being taken from the pita, 
the whiting is })artially dried on a floor 
under wliick hot flues run; then cut 
up into large rough lumps, and placed 
in racks on cars which run round on 
tramways into an immense oven. The 
heat from the flues in this oven is 
greatly increased by an air-blast, which 
also carries oflT the moist exhalations 
from the dicing whiting; 12 hours on 
the heated floor and 12 in the oven 
thoroughly dries the wliiting, and it w 
ready for packir^or the putty factory. 
Paris white of fine quality is used for 
finbhing ineade w^ls, adulterating 
paints, making paper heavier and 
whiter, etc. For this purpose, what 
is called clifiT stone, a better and harder 
quality of chalk, is used. Paris white 
is made much on the same principle as 
whiting, only more carefully washed 
and more slowly dried. 

Spanish wlute.—After picking 
out the coarser impurities, the chalk is 
ground in a mill and formed into rolls, 
in which sluipe it is found in the trade. 
For paintingpurp 08 es,it is still further 
purified by stirridg in clear water, 
allowing it to settle, and decanting the 
flint water, wliich is generallyjrellow 
and dirty. Tlie wasMi^ is repeated, 
and the chalk is floated out into another 
ve^, after passing through a silken 
rieve. >tter settling the water is 
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decanted, and the pasty white residue 
ie formed into cylindri^ rolls, 3 to 4 
in. long, {^d to 2 in. diameter. 
These are allow^ to harden and dry 
in the air, and are then ready for 
painting,* whitewashing ceilings, and 
for distemper painting with size. 

Brushes .—bnuHus are 
made with the same class of bristle as 
painting-brushes and dusters. In the 
lormer, however, the bristles are 6 in. 
long, except in the two largest sizes, 
where they are 6| in. lung. Distemper 
brushes usmdly consist of grey mid¬ 
dles and wliite outsides, though they 
are occasionally made of aU black 
bristles; they may be used for dis- 
tempering'aud whitewashing, but they 
must not be put into limewash of any 
kind. Distemper brushes are, as a 
rule, made by tying two knots of 
bristles on a wooden handle with cop¬ 
per wire, the bristles being arranged like 
painters' brushes; the same brush un¬ 
ground, and sold at a lower price, is 
sometimes used for distempering, but 
it is now practic^ly out of date. 
Another kind of distemper brush 
which is coming into use is made 
with bristle sin^ar to that in the 
two-knot brush already described, but 
the bristle, instead of being tied on 
to a handle in two knots, is inserted 
in a metal band, ^ter the style of a 
kalsomine brush, the object ^ing to 
avoid an openii^ between the knots, 
which is of importance in finishing off 
a good ceiling. Half a century ago 
bristles were much cheaper than they 
are at present, md there is still a 
tendency to higher prices,- as the de¬ 
mand b^mes greater and the supply 
lessens. At tiukt time a painting 
brush which now costs 10s. could bo 
bought for half that amount, and the 
■aTOfi remark applies to nearly all 
hnuhes, and is t3^% in proportion to 
the weight of good iMstle in them. 
It is to DO noted no foreign-made 
bi^h (d high quality comes into the 
Eo^h market, and tliis is owing to 
the small .cost of labour in manu- 
facturitag a brush comf)ared i^ith the 
fflimh (greater oost of Uie bristle used 


in it. foreign competition being effec¬ 
tive only in the item of aheap labour. 

Whitewash brushes, described in the 
makers' batalc^es as ‘*Btock brushes," 
three-knot or four-knot, tied on elm- 
handled nailed stock, ^der-hcmdled 
nailed stock, flatlimer head, and round 
Umer head. The class of bristle used 
in all is the same as that used in peunt 
brushes, bub a little longer, with the 
exception of the «(;lm-niiiled stock, 
%whicb is usually mtme with.all high- 
c^WB black bristle. The difference be¬ 
tween all the foregoing brushes is 
this: The two first are tied to handle 
after the style of a distemper Irush; 
in the next the bristles are fastened 
by a leather band, which clips them, 
this band being secured to the handle 
witli large flat-headed nails, driven 
close together. Tlie two last are simi¬ 
lar to the nailed stock—that is, &fct 
or round, the bristles in both being 
fastened in a similar manner; the 
stocks only differ in shape, as they 
are used at the end of a pole, which 
is inserted obliquely in the 8to(^. All 
these brushes are made vitii grey 
centres and white outsides, like dus¬ 
ters, the limers being usually all gmj. 
These limer brushes must on no ac¬ 
count be used in limewash, for it has 
been pointed out before that lime, 
especially* if freshly slaked, dwtroys 
bnstle. 

A washing-down brush is two knot, 
the bristle used being shorter than 
that in a distemper brush; it is usually 
about 5 in. long, and stiff grey. It 
has become <{uito the rule with high- 
class makers to stamp the lai^ 
brushes on the handles with the weight 
of bristle used in them. This should 
always be looked for by a purchaser, 
08 it will protect him from fraud. 

A good tar brush is made with g^ 
bristle secured in an iron ring, whi^ , 
also carries a handle dfiven 
mto it. Tills is necessary, as thm Sr’ 
a great:Btnim on such a brush 
in use. Fibre tar brushes are madd 
of all fibre. After being used a Ufff 
times they may be Uirown away M 
worthless. 
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Wine Colouring. 

» 

Various matters are employed to arti* 
Rcially heighten the colours of wines. 
The following are among the number : 

(1) Malva flowers or liollyhock pro¬ 
duce, when steeped in spirits for 
twenty-four hours, or even when Iwiled 
with wat#r, li very lieautiful purple. 

(2) The pokfilierry (the dark lierries 
from Ihe plant gi-owing all over the 
Uuitod States) lias a very dai^ red 
colour. 

(3) Whortleberry, elderberry, black- 
lierry, and mulberry. 

(4) Brazil-wood, Sfinders-wood, and 
logwood. Those woods are l)oile<l in 
water, and the decoctions yield shades 
of colour from red to blue. 

(f») Cocliineal gives a fine red colour 
by boiling finely-ground cochineal with 
cream of tartar. 

(6) Orchil producesalicautiful puiide. 

(7) lied beete and carrots produce 
likewise a good colour. . 

(8) Indigo solution, neutralised by 
potash, protluces a fine blue. 

(9) Annatto luid extract of safflower 
pr^uce a beautiful yellow. 

(10) Turmeric is the most common 

colour for yellow, as the spirit cxti'acts 
all colour immediately ; as also (quer¬ 
citron bark. I 

(11) Red cabbage produces abeauti-, 
ful bluish-red. 

(12) Oracine (extract of madder), 
pn^uces various shades of red. I 

(13) Tincture of saflron (Spanish ! 
saffron) for yellow. 

(14) Blue vitriol, or solution of in¬ 
digo, produces blue, 

(15) Burnt sugar produces a fine and 
permanent brown colour for wines. 
It is best to boil down common sugar 
or loaf-sugar nearly to dryness. It is 
then dissolved in hot water, sufficient 
to m^e the consistency of syrup; and 
for the purpose of neutralbang it and 
making it a more permanent colour, 
add to each gallon of sugar-colour 
about 1 oz. liquid ammonia. 

(16) Greeu colour for absiuth is pre¬ 


pared from a solution of extract of 
indigo and turmeric,' dissolved in 
spirits. 

(17) Violet is obtained ty a solution • 
of extract of logwood and ^um. 

(18) Barwood acquires a dark wine- 
red colour by digesting in alcohol. 

(19) Braal-wc^, ly being macer¬ 
ated in alcohol, or by boiling for half 
an hour, produces a (leep red. 

(20) Alkauei-root pr^uc^s a fine 
blue-red by macerating in alcohol. 

(21) Fuclisinc, an aniline colour, is 
now Lirgely employed as a substitute - 
for ommouiacal extract of cochin^d. 
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Wire Ropes, 

. THEIB CAB8 AND HANDLING, 
SPLICING, ETC. 

H andling Wire Bropes.—When 
uncoiling wire roi)e it is important 
that no kinks are allowed to form, as 
once a kink is made no amount of 
strain can take it out, and the rope is 
unsafe to work. If possible, a tuni- 
talde should be emi)lt)yed (an old cart 
wheel mounted on a spindle makes an 
excellent one). The rope will then 
lead off perfectly straight without 
kinks. If a turntable is not available 
the rope may be rolled along the 
ground. In lio case must the rope be 
laid upon the ground and the end 
tidien over, or kinks will result, and 
the rope will be completely spoiled. 

The hf e of wire rope depends princi¬ 
pally upon the diameter of drums, 
sheave and pulleys; and too much 
importance cannot be given to the size 
of the latter. Wherever possible the 
size of the pulleys should be not less 
than 700 times the diameter of the I 
largest wire in the rope, and never less | 
than 300 times. The diameter of | 
drums, sheaves and pulleys should in¬ 
crease with the working loatl when the 
factor of safety is less than five to 
one. 

The load should not be lifted with a 
jerk, as the strain may equal three or 
four times the proper load, and a 
sound rope may easily be bn)ken. 

Examine ropes frequently. A new 
rope is cheaper than the risk of killing 
or mmming employees. 

All overlapping of wire rope on 
drums shouhl be avoided where 
sible. 

One-fifth of the ultimate strength of 
the rope should be considered a fmr 
workii^ load. • 

In shafts and elevators, wliere human 
life is eomtantly raised and lowered, 
the woridng load should siot be more 
than one-tenth (rf the ultimate break¬ 
up; strength of * the rope. 

To increase the 'amount of work 


: Handling. , 

done, it is heater to increase the working 
load ihafi the speed of the^ropc. Ex¬ 
perience has shown that thh w^ of 
the rope iiic);eases with the speea. 

Wire Rope siiovdd he greased token 
running or idle .—Rust d^tioys as 
effectively as hard work. 

Galvanised wire rope should never 
be used for running rope. One day’s 
use will wear off the coating of zinc, 
and the nipc will soon be^i to rust. 

Great care should Iwlnkcn that the 
grobves of drums dml shcave.s are per- 
fectly*smooih, ample in diameter, and 
conformed to the surface of Gie ro|.>e. 
They sliould also be in perfect line 
with the ro|>e, tliat the latter may not 
cbife on the sides of the grooves. 

Ptdletfs .—It is of 'the greatest im¬ 
portance that the pulleys over which 
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the rope has to run are tumeR out in 
the groove of an exact radius to fit 
the rope, as in Fig. 299. 

V grooves, which do not allow the 
rope to work freely in the tread of 
the groove, destroy the rope in a very 
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short time, the wires and strands 
beinf:; displaced when tlie rope isi pulled 
out of the ^oove, us m Fig. 1100. 


Another evil, although of lesser ex- 
I tent, is where a rope is put to work on 
I a pulley where the groove is too largd 



Fie. 303 . 
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for it (Fig. 301). This cau^ undue 
BtresB on individual wires, and you get 
a line of Ijrokep wires in the rope. 

Spl icing 
♦ Tools.—The 
usual splicing tools 
are shown in Fig. 
302. They include 
a tucker for small 
strands splicing; 
round nuirlinspike; 
flatter inarlinspike; 
steel wire-cutters; 
and servii^ mallet. 
These are made in 
sets by Messrs. 
Bruntbn and Sons. 



each oth^ for a space of 20 to 30 ft., 
according to the size of th6 |^pe. At 
a point from each end, midway ^ the 
lap, the rope must be bound "with a 
good serving of No. 18 or No. 20 an¬ 
nealed wire. The serving at the ex¬ 
treme ends is then cut oil', the strands 
untwisted to the new serving, and the 
hemp cores also cut off so as to abut 
when the open bundles of strands are 
brought together, and the opposite 
strands interlaced^reguWly with each 
other^ presenting tlie appearance as 
near m can l)C sliown (Fig. 303). 

After these are all correctly inter¬ 
laced pull the ropes tight^f tf^ether, 
so that the cores abut ^inst one 





the manufacturers | 
of Kilindo wire > 
rope, or can be | 
obtained from ! 
most engineem’ j 
supplies stores. | 
To make an ; 
Endless Splice. I 
Clamps are applied 
to tlie rope suffi- 
cieiftly far back 
^ from the ends to 

’ Fro. 303. lUlow plenty of 
roornfor the splice, 
and the men to operate in. The two 
ends are then drawp together byfmeans 
oLblbcksand tackle, until they overlap 


anotlier. Next t^o strand No. 1, and, 
as it is l>eing unlaid, follow it up with 
strand A, which must be laid into its 
place tightly until within 6 ft. from 
tlie end. Strand No. 1 is then out 
off, leaving it 5 ft. long, same length 
as A strand. The remaining strwds 
are treated the same way, three alter¬ 
nate strands being hud towards the 
r^dit hand and thr^ to the 1^ The 
strands being now all lei^.in tiidr 
places, the ends are cut on, as wiUi 
the first strands, to 5 ft. Tim appear¬ 
ance of splice will now be the same as 
in h'ig. 304. 

The next thing is to tuck in tlM 
ends, and this is where the skill bunsM 
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in. Befor^ dmu/ Hm, <^re shmild he 
observed ioaee that the apfici^'portion 
qf thotrope is perfevtlif or free of 
tenaionj othcrunse this openition mnnot 
he wdl perfonncd. Tlie core is then 
cut and pulled out on the side corre- 
aponding with the end to be tucked in 
for a distance equal to the length of 
the end which is to replace it. It is 
desirable, especially if the rope is 
com]) 08 ed of jMnall wires, to tie the 
ends of the stnunls with soft twine or 
threads of jute yam in order t <4 keep 


pair of projecting ends. Any slight 
inequality in the symmetrical shape gf 
the n)pe may l)e taken out by pounding 
with a wooden mallet. Some prefer 
to tuck in first all the ends projecting 
in one direction, and then the ^nds 
jn-ojecting the other way; it is imma¬ 
terial in what order they are tucked in. 

' If these directions are explicitly 
{ followed, the spliced portion of the 
rope will lie of uniform diameter with 
other portions, and present a smooth 
I andevenappearauce throughout. After 
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the wires well bundled. A marlin- 
spike is then passed over 1 and under 
two of the strands, when the core is 
out off at the proper point, and 
moving the spike along the rope spir¬ 
ally with the strands, the loose end 1 
is passed into the core space and the 
spue withdrawn. Then pull out the 
core on the other side, pass the marlin- 
spike ovsr A and under two strand 
as before, eut off the core, and tuck 
in the end A in precisely the same 
manner, after which the rope is twisted 
bade again as taghtly as possible, and 
the olmps or other appliances that 
stay be und are removed to the next 
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running a day or two, the locality d! 
the splice cannot be readily detected, 
and the rope will be quite as strong in 
tins portion as any other. 

Splicing Thimbles. Under and 
Over Style. —Ordinary type of 
rope. Serve the rope with wire or 
tarred yam to suit the circumfirenoe 
of the thimble, bend round thimble 
and tie securely in place with tempor¬ 
ary lashing till splice is finished (as in 
30^. * Open out the strands (as 
in Ii%. 306), taking care to keep 
lo(»e end of the rope to the left 
lias4« Kow insert>^^iarlinB{uke, Uftii^ 
two strands (as shown in F%. 807), 
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and tuck away towards the right strand^ tho'point of the ^pike coming 
hand (that is, inserting the strand at out at the same place as })elljre. Tuck 
the point, and over the spike) strand away straiyi No. 2 as before. ' 
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No. 1, pulling the strand well home. The next tuck is the loohvng tuoh. 
Next inatrtmarliifBj^e through next Insert marlinspike in next strand, «id 
sfawid to the left, only lifting one missing No. 3, tuck a^y strand No. 4 
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from the point of the spike towards 
the right.iAnd. Now, without taking 
out the epike, tuck away strand No. 3 
behuM the gpilr tmoardg the left hand 
(as shown in Fig. 309). Then insert 
spike in nest strand, and tuck away 
strand No. 5 beliind and over the 
spike. No 6 likewise. Tull all the 
loose strands well down. 

This completes the first series of 
tucks, ajid tl^spiiee will, if made pro* 
perly, w as Kg. 308. Now, starting 
with No. 1 and taking each strand in 
rotation, tuck away under one sWnd 


Fig. 311).—Hawsers, or any ropes not 
hanging free and liable to spin, may ^ 
spliced in this style, .in which the 
strands, instead of being interlocked 
togetlier, are merely tucked round and 
round one particular strand in the 
rope. Each loose strand is, of course, 
tucked round a different strand in the 
rope. This is sometimes called the 
“Liverpool” style. 

Splicing Thimbles in “Sil* 
indo ” Ropes.— Serve rope with soft 
wire or tarred yam. Bend round 
thimble and securely lash in place till 
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and over the next strand till all the 
strands have been tucked four times. 
If it is intended to taper the splice, 
the strands may at this point be split, 
and half of the wires being tucked 
away as before, the other half cut dose 
to the splice. Fig. 310 shows the fin¬ 
ished splice ready for servii^ over. 

It will bs noticed that this style of 
splice possesses a plsuted appearance, 
and the more strain applied to the 
rope, the tighter the splice will grip, 
uid tliere » no fear of the splice (^w- 
ing owing to rotation of the rope, 

Livvr^ or Spiral Style. — (See 


splice is finished (as shown in Kg. 3C^. 
Open out loose end of rope, spreadii^ 
out all the strands (as shown in Fig. 
312), taking care that no two strand 
cross. The strands are theii tucked 
away (Fig. 313), two or more at a 
time, in exactly the same way sS (fe- 
scrib^ above. If it is wished they 
maybe tucked^spirally—that is, round 
and round one particular strand, as in 
Liverpool spljce. Being a non-rotat* 
ing rope, it is not necessary to have a 
locking tuck in “Kilindo” rope, but 
it is recommended (see 813), 
Fig. 3U shows completed splice. It it 
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most important that all the strandn 
are tucked away, othorwiise the splice 
will not stand breaking strain of rope, 
* fuad also if it is omitted to tuck the 
inside strands, th^ will have a ten¬ 
dency to creep upwards, and will 
eventually bre^ tliroi^h the outer 
strands. 

Crosby clips (as shown in Fig. *115) 
are recommended when a splicer is nut 
obtainable, and they are (pite safe. 

Endless ** Kilindo ’’ Splice.— 
Serve the rope t^htly at a point about 
twenty feet from each end, and unlay 


When all the strands are laid into their 
place, jn'iiceed to tuck as follows,: 

If the ro[)o is of eight strands, lift two 
strands with the maidiuspike, a^d pull 
the strand to be tucked right through 
the aperture intact. Pull out the 
spike and unlay the wires in the strand, 
and repeat the above process twice. 
Cut off close and lay inside the rope, 
and it will Imj found that the wires will 
ht quite snugly in the interstice of the 
inside rope, without forming any ap* 
parent, thickening of the n)po. Repeat 
witif all the strands to be tucked. 
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the outer cover of strands rn wwmsc to 
this point, taking care to leave the in¬ 
side rope intact. Splice the inside 
rope in exactly the same way as 
already described. Then lay back the 
outer covering of strands till they 
meet at the centre of the splice. 
If this is done carefully, it will l)e 
found that the rope will be perfectly 
symmetrical, the strands folding into 
theirpositiongqui^easOy, Theninter- 
laoe various sbrani^ at the centre 
el the splice, and unlay one strand, 
following np with the strand opposite, 
exactly as with'an mdinmy •splice. 


Fixing Improved Wii 
Sockets. —Put the socket over tl 
wire rope as shown in Fig, 316, ai 
about 6 in. from the end. Serve wi 
fine wire for about 1^ in., then op( 
the strands, cut oS the heari, and hea: 
all the strands back over the servii 
as shown in Fig. 317. 

They should then be tucked in b 
tween the strands as sholhi in B!| 
318, and the wliole hammered oloee 
together. 

A steel pin should then be drivttij 
as in Fig. 318. 

The rope is then drawn dowB III 
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Uie socket as shown in Fig.'Sid, and 
the whole .r)id up with hard frhite 
metal. ^ 

A good mixture df white tnetal to 
run up wire rope sockets is equal parts 
of tin, lead, and pine. 

An Improved Hose or Socket. 
In view of the difficulty often experi¬ 
enced in tlie ni-capping’ of winding 
ro{)e8, King devised a detachable 
socket or hese, which may 1)c put on 
or taken off without the necessity of 


into a pail of dilute acid to clean them. 
The acid is then shaken off. The 
hose, C and D, is then built up round 
the end of the rope, the wires beit^ 
loosely bound at the extreme top into 
the shape of the conical recess in the 
socket. The stirrup, EF, the washer, 
K, are fixed in place, the sides of the 
hose are clayed up, and the whole filled 
witli white metal. The rings, G*, G*, 
and G’,are driven home when the met^ 
has cooled, the stirrup, EF, then 
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heating the shackle-end. Instead of 
being made in one piece, the new hose 
(1^. 320 and 321) is built up of two 
ndepieces connected at Uie top to a 
suitable stirrup, the whole being ringed 
in usual fnanner. The method of 
attachment is as follows: The rope is 
ooveral with soft annealed iron wire 
to a point about 9 in. from the end of 
the rope A. The wires are allowed 
to uQstrand from this point to B, and 
wh^ completely separated are dipped 
4 


being finally screwed up tight by the 
bolt, H, and nut, I (Figs. 320 and 321). 
The capel can be fixed complete in 16 
minutes after the wires aro separated 
and cleaned. W^pn t^ted tl^ hose 
held the rope so firm that it broke 
clear and there was no agn of sli^. 
A special advantage *of this hose is 
tl\at it con readily be taken off and 
tlie butt end of the rope examined, to 
ascertam if the white metal has united 
poperly with the wires. This advan- 
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t^e is possessed by no other white well treated wiih a lubricating dressing 
metal hose, and is important. If a before they are put to*^ork, in &ct, 
perfect solid butt is shown no power this remark applies to all winding 
can draw the rope out of the hose. ropes. Suitable dressings of vurious 


Preservation of winding 
Kopes.—(tt) In a recent report of 
the Transvaal Commission appointed 
to investigate the use of winding ropes 
and safety appliances in mines some 
interesting facts were given. In the 



Fig. 318. Fig. 3ia. 


first place, it is shown tliat the pre- 
SOTvative treatment of a rope during 
its manufacture is a matter of first 
importance, uad directly influences the 
life of the rope. Tlie core, of tarred 
Russian hemp, should be tlioroughly 
soaked in an acid-free lubricant, and 
the wires should also be well lubri¬ 
cated whilst they being lai<l up. 
The rope thus, if the dressing is suffi- 
destly thi(^ and heavy, is well pre¬ 
pend to resist the cdhosive action of 
a damp atmosphere. Hop^ are usually 
coated vrith a black varnish for ship¬ 
ment abroad, but such ropes should be 
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kinds are advocated. Many mantt^ 
turers favour plumbago or grapbito: 
mixed with vaseline, linseed-oil, palm 
or other vegetable oil. Some <d th^ 
workmen who gave evidence bg{are 
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the Transvaal Commission held widely ' 
different yi 9 >^s on this point*, one 
favourcf^ Stockholm tar with grease, 
another one advocated the* use of a 
mixture of one part of cylinder oil to ! 
two parts of truck grease, whilst a j 
third mode a practice of using a })atcnt I 
composition. A point well worth the ' 
attention of users of liauliug rojies is 
U> watch very carefully that tlic treatl 
of the sli^ve flcjps not Ixjcome tilled 
up with a (Iresi^ng which is liable to 
harden *on exposure, heumse cases 
liave lieen known when the rope has 
l)eon thrown otf the sheave duo to the 
accumulation fof such lubricant, i.e. 
to the tread having become full uj). 

With r^rd to the effect of working 
conditions on the life of the rope, one 
manufacturer said : A winding rope, 
made to suit ihc S{)ecial winding appiv* 
ratus at a mine, should only (lc|)ond 
upon the number of foot-pounds of 
work (lone for its life. The moi'c 
material lifted from tl»c mine, or the 
quicker that it is lifted, liears a direct 
proportion to the life of the rope.” I 

The conditions under which ropes I 
are used must bo considered in the 
first place, for very often when prori- 
sion 18 mode to protect a rope under 
one or more known conditions, that 
same provision has quite the reverse 
effect when other conditions come into 
l^y. This simply amounts to saying 
that, as in the case of all other plants 
for engineering work, the niauufac- 
turers should be consulted before the 
nmterW for any given job is obtained, 
as it is only natural that they know 
more about the suitability of their 
manufactures tluin anyone else. 
Amongst other considerations which 
have to be d^t with in mine work, 
the fact of high speed of lifting was 
^ven much attention. Kapid winding 
was considered, generally speaking, 
more harsh, than slow winding, even 
ttiough bigger loads were carried in the 
latter case. This is accounted for by 
the sudden changes of velocity when 
high speeds are used, and not merely 
on acoount of the spe^ in itself being 
high. Another factor which tends to 


shorten the life of a irinding rope very 
considerably is the pincliing effect 
which occurs at each end pf the wipd- 
ing-drum when the rope mounts upon 
the layer immediately beneath it. If 
special flanges are used, sucli as those 
constructed to tlie design of Mr. H. C. 
llchr, consulting meclianical engineer 
to the Consolidated (lold Fields of 
South AfricJi, Ltd., this effect is en¬ 
tirely olwiated. Am^tlior cause of 
severe wcavr and tear is the side fric- 
ti(ui of one coil of rope upon the next, 
and also ujsm the lower coils on which 
it is liedding. This may he due to too 
short a Icivd from sheave to drum. 
The angularity of the sheave at the 
pit head and the horizontal distance 
of the drum fi'om the shaft should so 
conform to the widtii of the drum 
tliat the deviation of the ro})e is not 
too great'. If this angle becomes more 
tliau two degrees on each side of the 
centre line, considerable side friction 
on the rope will be introduced, more¬ 
over, the coiling of the rope on the 
wimling-di-um may possibly give 
trouble. In such cases, where grooved 
drums are used, a deviation from the 
strah^ht line may, of course, he con- 
aidenibly greater. 

The life of a Irnult^ rope may be 
])rolonged to a very great extent if the 
following precautions i«*e minutely 
ol)Rerve(i and carried out 

(1) The rope should be protected 
from water as much as possible, and 
cai'cfully treated with a lubricant 
at least once a week. 

(2) The haulage wheels, roller 
pulleys and bevel pulleys should re¬ 
ceive attention, and be lubricated at 
least once a day. 

(3) The rope should be carefully 
guided, and not allowed to nib .on the 
roof, sides or floor of the roadway. 

(4) The liauli^^ wheels should be as 
Iwgeas powible to avoid quick curving 
of the rope. 

(6) The rope jdiould never be sub¬ 
ject^ to sudden jerks. 

(6) It should never be loaded beyond 
I the safe^workii^ load.* 

(7) A*haulage rope should never be 
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changed from a dai^er to a smaller 
drum, but it will do no harm to 
change it from a smaller to a larger. 

(8) It should be recapped and re« 
versed at least every six months. 

(9) The rope should l)e minutely 
examined at frequent intervals, and 
portions of it tes^ r^larly. 

The following ingredients, in vary¬ 
ing proportions to suit conditions, 
make a very good lubricant for ro|)es, 
•and is not costly :—^Tar, summer oil, 
mica and axle grease. The tar and oil 
must be absolutely from acids of 
any kind. The above combination re¬ 
sults water successfully and thoroughly 
penetrates the wires, thereby prevent¬ 
ing rust, and fills the cable, givii^; it a 
solid appearance. 

As r^rds the storing of ropes: 
th^ should on no account be placed 
on the ground, but upon diy planks 
raised a few niches so that th(^ will bo 
entirely free from damp. They should 
be carefully covered, and should be in¬ 
spected frequently, besides having a 
coating of some lubricant at intervals. 

• When uncoiling a new rope the 
greatest care shoidd be taken to pre¬ 
vent “kinkii^ they should during 
the process be pl^ed on a reel or drum 
when being “given” out. (J. MacVie 
in Ktnix^Engineering.^ 

Lubricating Ropes and 
Guidftl.— In “ Qliickauf ” Mr. Dob- 
belstein d^crib^ certmn devices re¬ 
cently introduced into German min¬ 
ing practice for greasing o^e-ropes and 
guides, on account of the waste and 
imperfect manner in which the work 
is done by hand. At the Hu^ colliery 
of the Harpener company a hinged 
wrought-iron casing is arranged in 
connection with a compressed-air pipe. 
The rope passes through a central bore 
of the casing, and engine oil (which 
possesses the necessary fluidity and 
prevents rusting) is forced throi^h a 
number of small oriflces at an angle of 


46® with the rope. Tlje bore of the 
casing is eased at the top and bottom, 
to preveyt lo(»e ends of \«re from 
being tom out of the rope; and th& 
caging is mounted on rollers, so as to 
follow any deviations of the rope from 
the centreof the winding compartment. 
The consumption of oil is only one- 
sixth tliat of tlie solid grease previously 
used; and there is al^ a conrideraible 
saving in labour, on.} manebeing able 
%o put the apparatus in position for 
use, wher<»8 hand greasing ti^es three 
men a full day. Experiments made 
with a view to obtaining an efficient, 
non-slipping, auti-condbive lubrmwt 
for underground haulage ropes showed 
that the best results for this purpose 
are obtained by a mixture of tar and 
driers, tliis pc^sessing the requisite* 
teiacity and elasticity. The problem 
of greasing cage-guides is somewhat 
difficult, oil or grease being prohilrited 
on account of the datiger of Are, whilst 
soft soap soon washes off in wet shafts, 
and is also wasteful in application by 
hand. A thin mixturo of soap and 
graphite was eventually prepared, 
which greatly lessens the Motion of 
the shoes on the guides, and can 
be applied by compressed air. For 
this purpose a clos^ vessel, divided 
into two compartments, for the grease 
and air respectively, is mount^ on 
tub wheels, and charged with com¬ 
pressed air from the main until a con¬ 
stant pressure is indicated by the 
gauge. The mounted vessel is run. 
into tile cage, and a branched delivoy 
pipe leading from the oil chamber is 
fltted with two pairs of nozzles that 
pass through holes in the side of tiie 
cageand dirohargethe grease on to the 
inner comen of the cage^idei as the 
cage moves down the shaft, the com* 
pressed lur beii^ admitted to the oil 
chamber through a reducing-valve. A 
saving of about 201. annum 
effect^ by the use this device. ^ 


END OF VOLUME IV. 




